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blueprints 


Armed Forces annually file, store, reproduce, 
mail, revise, and make reference to millions 
of engineering drawings. 
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to microfilm 


Automatic methods applied to microfilmed 
drawings save manpower, space and money 
Page 194 


ALSO—Air Traffic Display Tubes, Servos, 
Printed Circuits, Digital Techniques, and New 
at WESCON 
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Variplotter Model 205N— 
for use when record must be 
viewed fromremotelocation. 


Six Channel Recorder, 
Model 1902A—a strip chart 
recorder with push-button 
controls. recording. 





TO KEEP A COMPLETE LINE OF PLOTTING 
AND RECORDING EQUIPMENT FROM EAI 


With recent advances in simulating and computing techniques, the demand is 
greater than ever for the high speed, precise recording of output data. 


That is the reason why Electronic Associates, Inc., as part of its program of 
leadership, offers a complete line of plotting and recording equipment from 
multiple channel strip chart recorders to analog or digital X-Y plotting of 1 or 
more pairs of variables. 


In addition to this high speed, PACE Plotting and Recording Equipment assures 
you of an accuracy and reliability that has earned it the title of the “‘royal 
family of recording equipment’’. 

For a demonstration or for rental of time, contact our Computation Centers. 
There’s a Center serving Eastern Industry in Princeton, N. J.—one serving 
Western Industry in Los Angeles, Calif.—one serving European Industry in 
Brussels, Belgium. Please address all inquiries to: Electronic Associates, Inc., 
Dept. MA-7, Long Branch, N. J. 


°* SETS THE |[—~— E= 


LONG BRANCH, NEW JERSEY 


Variplotte? Model 205 K & 
L*—established leaders in 
large scale, high-accuracy corder. 


*Variplotters: When equipped with a special function generator unit, all Variplotters will produce 
non-linear functions of one or more variables. Other accessories available. Information on request. 
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Variplotter Model 1100D— 
versatile table-top X-Y Re- 


IN THIS ISSUE... 


. we take pleasure in previewing the Western [lee. 
tronic Show and Convention (WESCON) being hel 
at the Cow Palace, San Francisco, August 20-23. 1957. 
by a special “New at Wescon” section (page 224), 


The use of devices for performing automatic dee. 
sions and efforts* is exemplified in the “Engineering 
Drawings for the Armed Forces” (page 194). This 
article shows how fiscal and manpower economies are 
being achieved in one specialized field through the 
joint efforts of the Armed Forces and industry. 


Our May-June article on the “Charactron” shaped 
beam display tube has inspired a survey article (page 
206) on the working principles of a number of other 
air-traffic and memory display devices now in pro: 
duction or under development. 


Other articles include (1) number 2 in our series 
on servos with a basic mathematical analysis of ; 
simple servo system, (2) “Printed Circuitry” sui 
4, Components, and (3) a pictorial listing of the units 
which comprise the large digital computers produced 
by International Business Machines Corporation. 


Featurettes point up the importance of laboratory 
test methods in “Floating Test Lab,” “Lint-free Lal 
Helps Wheels Spin,” and “White Noise.” An ingenu 
ous method of correcting radar scope images for maj 
making also is discussed (Radar Restitutor). The re 
cent address by Mr. Ross Nichols, vice-president of 
Weston Electrical Instrument Co., appraising govern 
ment contracts from the viewpoint of the contractot 
is reported on our editorial page. 


A pioneer in the field of simulation, Mr. Ed Link 


is the subject of our Biobit this issue. He is, inci 
dentally, still making simulator history. 


* Automation—the use of devices (electrical, electronic, ma 
chanical, pneumatic and hydraulic) for performing aut 
matic decisions and efforts—M. H. Aronson 


MA “Subscriptions” 








Military Automation is mailed without charge t 
the business address of qualified applicants who fo 
low the instructions provided on page 182. No mai 
ings will be made outside the United States, except t 
military post office numbers. 

Subscribers, either military or civilian, who ar 
transferred to new billets should notify us giving bot 
their old and new addresses. If your successor in you 
present billet wishes to receive MA he should make 
separate application for a subscription. If you chang 
employers, you will be sent a regular qualificatiot 


sheet, to be completed for your new position. 
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Editorial 


Government Contracts as seen by the Contractor ................:ssssssseee-2 1 86 





The Unavoidable Shelter Race videineiieeneieeeei 


Feature Articles 
Engineering Drawings For The Armed Forces — —s 
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Kenneth L. King 
Claude O. Morrison 
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Allen Lytel 


Electronic Data-Processing Machines ...............cccccccccsccesseseeeeeeeeeeeseseeeeeeeeeeeeeR DS 


George Truman Hunter 


Graham M. Clark 


Featurettes 


‘Radar Restitutor Makes Maps 
From Radar Displays ..........204 


Lint Free Lab 
Helps Wheels Spin ............193 


Remote Vehicle Control 
Has Valuable Military 
Applications . ...............02000000-209 


White Noise 
Tests Components .................217 


Touch-Down Strain 
Proves Lab Tests OK ............202 





Floating Test Lab 203 


Regular Features 
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New Products .............:.::::::00:22:232 
Events 185 
New Literature ....................0:222-239 
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Bio-Bit ...-- 188 











fuly-August, 1957 


VOL. 1, NO. 4 
JULY-AUGUST 








you geta 


CHEC 
tp, ty, 4 (Single Side Band) 


DISTORTION 


witha 
PARIORAMIC 
PARIALYZOR 


No tedious measurements, no complicated computations 
. Panoramic Panalyzors (automatically scanning spec- 
trum analyzers covering frequencies up to 1,000 mc) 
present an instant, graphic ‘“'picture'’ of transmitter lin- 
erity for ready determination of 
) ®@ transmission bandwidths ¢ suppressed carrier levels 
e intermodulation products ¢ sideband splatter 
e residual magnitudes of suppressed sidebands 
© levels of out-of-band radiations due to 
harmonics and other spurious effects 













Here's how leading transmitter laboratories use a Panoramic 
Panalyzor in a two tone test to measure intermodulation com- 
ponents of a suppressed carrier SSB transmitter: 





Distortion due te overdriving 
SSB modulator. Sweepwidth 
= 8 ke. Carrier at center. 
Fundamental pip at +28 db, 

































































a y eB t abe MODULATION ANTENNA PANALYZOR 
damental). INPUT OUTPUT MODEL SB-12 
SSB TRANSMITTER Caan fmt. = 500 he 
; ISMIT LOAD re 00 NCL, | INPUT CONVERTER TRANS 
UPPRESSED CARRIER > + Me] LATES TEST SIGNAL DOWN TO 
. t.gt | INPUT BAND OF PANALYZOR 
Aa AF 
SIGNAL GENERATOR FREQUENCY SET FOR 
GEN TRANSMITTER FREQ. + 500 ke 
RF 
White noise modulation AF SIGNAL 
of SSB transmitter with- ? = SIGNAL GEN 
out carrier suppression SON ATING GEN — 
shows spillover effects. ISOLATING 











Input filter 300-3000 eps. PAD 
Ceceeure = © SS. To analyze the main transmission spectrum in this two tone procedure 
. . . The Panalyzor's broad-band input converter is connected to the 
transmitter output and to the radio frequency signal generator. The lat- 
ter is tuned to a frequency equal to the carrier plus the input center of 
the Panalyzor and the sweep magnification of the Panalyzor is ad- 
justed so that the automatic scan displays the several components in 
the band around the carrier. The height of each of the smaller pips 
may then be read directly in db down from the test tone pip ampli- 
tude, utilizing the 2-decade logarithmic vertical scale to assess the 
intermodulation levels. Linear and square law calibrations are also 
provided for use in tests involving lesser amplitude differences. 


In-band intermodulation may be measured accurately down to —54 db 
on the SB-12, Type T-100. As harmonics fall well outside the output 
channel, these odd order in-band products are the most commonly 
used measure of transmitter linearity. Out-of-band spurious effects are 
also readily analyzed down to at least —40 db by 

im \ adjusting the RF generator to tune the Panalyzor to 

sweepwidths and resolution to suit spe- 

cific applications. 

Panoramic Panalyzors are ideal for rap- 

id, accurate measurements on almost 


the spectral region of interest. 
RADIO PRODUCTS. INC any SSB system. Write, wire, phone 





center. Upper side- 
band tone at +1 

ke. Odd order 
intermodulation 
distortion compon- 
ents at +2 and 

3 ke, —! and 2 ke,- 


The SB-12 features a sweepwidth from 
0-100 kc, exceptional resolution (10 cps 
at reduced sweep and slow scan rate). 
Other Panalyzor models, particularly the 
SB-8b series, offer a wide choice in 
RIGHT NOW and find out how a 
Panoramic Panalyzor can speed up 
measurements for you. 


the ‘ 4 
is the. 528 South Fulton Avenue, Mount Vernon, N. Y. 
a i Phone: OWens 9-4600 Cables: Panoramic, Mount Vernon, N. Y. State 
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Most phenomena that can be depicted electrically 
can be recorded on magnetic tape. Long-known but 
relatively recently perfected, magnetic tape recording 
has won wide acceptance as a particularly valuable tool 
in data-handling and process control applications. The 
very nature and versatility of this tool, however, require 
the most mature judgment in its use, lest unwarranted 
enthusiasm lead to misapplications and incorrect results. 


In the field of industrial control, magnetic tape record- 
ing has been used most effectively for the storage of 
electrical analog information in such processes as con- 
veyor control for article sorting, machine tool and pattern 
control, dry and liquid food batch mixing, and so forth. 
In data-handling problems, it has served the engineer in 
speeding analyses of complex physical phenomena. In 
communications experiments, multi-channel tape units 
have provided the scientist with simulation of otherwise 
physically unrealizeable filters. In all these instances, the 
merit of magnetic tape recording lies in its ability to store 
electrical analog information and make it available for 
play-back, or re-run, as often as may be necessary. 

Of the few methods available to “advance” or “retard” 
time, none is as practical as the use of magnetic tape. For 
instance, it is frequently overlooked that a tape recording 
can be considered as a variable delay line of considerable 
equivalent electrical length. Merely by varying the play- 
back speed, or the relative position of the reproduce 
heads, or both, one line (or tape) can be used to delay 
a number of signals relative to each other, one signal 
relative to a number of others, or to some external source. 

Despite this versatility there are definite limits of use- 
fulness within which the application of tape recording 
should be confined. Such a limit is typified in the prob- 
lem of signal “dropout.” By this is meant the distortion, 
or even complete loss, of a signal caused by the presence 
of minute nodules in the tape itself. ‘The occurrence of 
such imperfections is completely random and can be con- 
trolled only during production of the tape. And while 
significant progress has been made in recent years to 
improve the quality of tape, ultimate perfection has not 
yet been achieved. 

In data-handling and process control fields, the use of 
magnetic tape recording is particularly well-suited to digi- 
tal techniques where large quantities of information can 
be stored most economically in a minimum amount of 
space. In all applications where high-speed random access 


Bill Erickson discusses MAGNETIC TAPE RECORDING 





Wilbur Erickson, systems engineer, specializing in 


input-output equipment, discusses magnetic tape recording. 


is not required, magnetic tape recording provides a rela- 
tively inexpensive and wholly suitable solution to the 
recurring information storage problem. Here signal drop- 
out is virtually eliminated because the electrical impulses 
are of a pulse present-pulse omission presentation and are 
recorded at, or very near, the tape saturation level. 


The use of magnetic tape recording is, at one and the 
same time, the prerogative and the responsibility of 
the systems engineer. His experience and ability to make 
intelligent use of this one of the many tools available to 
him, will define his stature as a systems man. The poten- 
tial of magnetic tape recording in systems has barely 
been scratched, but the applications to which it can, and 
undoubtedly will, be put are as limitless as man’s imagi- 
nation to devise them. 


By applying the latest proven techniques, our well-qualified staff 
at Daystrom Systems is prepared to take single responsibility of 
assembling and installing a system to meet your needs. We are cur- 
rently compiling a file of new applications and papers on various 
parts of systems, both industrial and military. If you are interested 
in receiving the file and periodic additions, please write us. 


| oo SYSTEMS 


Division of Daystrom, Inc., 5640 La Jolla Boulevard 
La Jolla, California Telephone GLencourt 4-0421 
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TION@July-August, 1957 


Editor, MA: 

Your first issue of MILITARY AUTOMATION was 
excellent; I waited for the next issues to see if they 
would be on the same level to warrant an expression 
of my cold judgement and feelings. Congratulations! 
Your articles are excellent. Very best wishes for your 
continued success. I was particularly interested in 
Analog Computation and Modern Digital Computers. 


V. Dunbar 
Sperry Gyroscope Co. 





Editor, MA: 

I have forwarded the copies of MA to our Engineer- 
in-Chief, Rear Admiral K. K. Cowart. I am sure he 
will be greatly interested in them. Best wishes for the 
success of MILITARY AUTOMATION. 

E. T. Calahan 

Captain, USCG 

Chief, Public Information Division 
United States Coast Guard 


Editor, MA: 

Thank you for the luncheon and introduction to 
your new publication MILITARY AUTOMATION 
at the Sheraton. Park Hotel. I have thought over your 
proposed objectives and find them more and more 
admirable. 

Benton H. Schaub 
Office of the Assistant Secretary of Defense 
for Engineering. 


Editor, MA: 


I want to thank you for the subscription to your 
magazine. The articles are well written and informa- 
tive. Unfortunately the magazine has one bad fea- 
ture: It is difficult to clip and file the articles. This 
is especially true when two articles are on opposite 
side of the same page. 

Would it be possible to receive reprints of any of 
articles? 

Martin Abel 
Electro Data Div. 
Burroughs Corporation 


As you may notice, we are experimenting with some 
changes in our article format which may make it 
easier for you "clippers" to operate. This we will do 
by separating major articles by short features which 
are less likely to be saved; and, when possible, by 
dispersing advertisements through articles so that clip- 
pings will fit better in 8" x 10" folders. We are sorry 
that reprints on articles are not available in most cas- 
és; and that the first two issues have been exhausted. 

























HEINEMANN ELECTRIC COMPANY 





16. Plum Street 






































Heinemann’s Series AMIZ Circuit Breaker 


field assembled one-, two- or three-pole . . . 


interchangeable 400 “LU or DC service 


Developed especially for the rigorous demands of 
airborne service, the Series AMI17 circuit breaker is 
now proudly flying with such dependable aircraft as 
Douglas’ huge C-133. 

The rugged AM17 operates on Heinemann’s well- 
proven principle of magnetic actuation with hydraulic 
time delay. No de-rating, no compensation for ambient 
temperature or vibration necessary. . 





Trenton 2, N. J. 





Easily “ganged” in the field for Companion-Trip® 
multi-pole applications, and designed for interchange- 
able service on 400-cycle and DC current, the AM17 
may well be the one circuit breaker for all your equip- 
ment and circuit protection requirements. 

Full details, including applicable military specifica- 
tions, are furnished in Bulletin T-3302. Write for 
your copy. 


BS 
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UAC tubeless 
DC to AC 


Converters 
replace bulky 
dynamotors 
and inefficient 


vibrator 
power supplies 


e COMPLETELY 
TRANSISTORIZED 

e COMPACT~— a ittle as 

cu. in. per VA 

e LIGHTWEIGHT — as 
as ‘2 unce per VA 

e RUGGED — withstan 
in excess of 100 G's 








CAN BE MADE TO MEET MIL SPECS 


UAC high efficiency power supplies solve size, 

weight, vibration and shock problems in hundreds of 
mobile and aircraft applications. Efficiency over 90%; 
temperature stability from —55°C to 100°C can be 
achieved. 400 cps. and 1000 cps. both available. 
Standard DC to AC units to 250 VA; custom units to 2 KVA. 


TYPICAL STANDARDS From 24 to 28 VDC Input 


Output Current List 
Medel Ne. Power Voltage Amps. Case Size (inches) Weight Price 
10VA/50-400 _10VA 50-400 CPS .2 3Mx2"%xd%, 2 Ibs. $200. 


10VA/115-400 _10VA 115-400 CPS .1 3% x2"%ax4%, 2 Ibs. 200.00 


100VA/50-1000 100VA 50-1000 CPS 2 3% x3".x5%, 3% Ibs. 300.00 
100VA/115-1000 100VA 115-1000 CPS 1 3%%x3"4,x5%, 3% Ibs. 300.00 




















Typical Frequency Curve. 


Frequency 





20 22 2 »% 2 »” 
Input Voltage 


Also ask about DC-DC units including standards 
to 500 Watts from 28 VDC input; and AC-DC supplies 
including standard 400 cps three phase units. 


4 UAC Miectronics 


Universal Transistor Produets Corp 








See UAC High Efficiency Power Supplies at our 
BOOTH 1206, WESCON Show, San Francisco, Calif. Aug. 20-23 
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Letters—Continued 





Editor, MA: 


Your publication is very impressive. An associate 
here at Lockheed has allowed me to read his copies, 
and I have found them so interesting and informative 
that I would like to ask to be placed on your mailing 
list. | was particularly impressed with the articles on 
Analog and Digital computers. I am an instructor of 
electronics in the Field Service Department here 
where we train military personnel. 


John M. Reynolds 
Lockheed Aircraft Corp. 


Mr. Reynolds has received and returned our MA 
subscriber verification form and is now a "Qualified 
Subscriber”. 


Editor, MA: 


I have just received my March-April issue of 
MILITARY AUTOMATION .. . lf there is a copy 
of the first issue available, | would appreciate re- 
ceiving one. 

This is an excellent magazine and it will be well 
used in our Engineering Division. 


Jack Adams 
Training Officer 
San Francisco Naval Shipyard 


Thanks very much for your kind appraisal of MA, 
Mr. Adams. However, in answer to the many requests 
for back issues which we continue to receive, printings 
of the first and second issue are now exhausted; con- 
sequently requests for these issues cannot be satisfied. 


Editor, MA: 


Would it be possible to receive at this time a com- 
plete copy of your serialized articles entitled “Printed 
Circuitry” written by Allan Lytel? 


Walter Raines 
Sperry Gyroscopic Co. 


We expect to publish this series in book form within 
the next four months; which will precede the termina- 
tion of the article series in MA by several months. 


Editor, MA: 


It is very difficult to criticize an article that ob- 
viously took a great deal of time and effort to pre- 
pare. However, the article on “Modern Digital Tech- 
niques” in the May-June 1957 issue certainly merits 
some constructive comments. 

There are three specific points which I wish to note. 
The first pertains to the statement that (large) mem- 
ory capacity and (fast) access time are mutually in- 
compatible. This statement is easily disproved. Mag- 
netic core memories with capacities measured in 








100,000’s of bits and microseconds of access time 
are available today in the IBM 704 and 705 anc th 
Univac II. A more correct statement would have 
lated memory capacity and access time to cost. 
yet, no manufacturer has succeeded in producing 
large capacity memories with fast access times for q 
low cost. It is the cost factor that is most responsible 
for the prevalence of slower access but large capacity 
drum memories in the small and intermediate digital 
computers of today. 

The second point to note is the inclusion of the 
Potter RAM and the Clevite Tape DRUM as the lates 
developments of quasi-random access to memory de. 
vices. Both are several years old and neither has 
been used with any commercially available computer 
system. The authors should have noted the IBM 
RAMAC unit with a 5 million character random-access 
memory capacity and the Burroughs Datafile with a 
20 million, quasi-random access memory capacity. 

This brings me to the third point. The list of com. 
puter characteristics (Table 9) has omitted two 
very significant machines. These are the IBM RAMAC 
305 and the Remington Rand Univac File Computer. 
Both machines are commercially available and have 
been ordered in large quantities. In addition, the IBM 
RAMAC 305 represents a significant departure from 
present machine organizations. This fact alone merits 
its inclusion in any article on “modern” digital tech. 
niques. 

J. Svigals 
San Jose, Calif. 





Your points are well presented and your courtesy 
in writing is appreciated. We hope to bring our treat. 
ment of these points up-to-date in our revision of this 
series which will appear in book form this fall. The 305 
is discussed in this issue on page 222. The author's 
comments follow: 


As to the incompatability of fast and large memo- 
ries, cost is a limitation, but not the basic limitation. 
Large memories require large selection circuits. Large 
selection circuitry means large series inductance and/ 
or large distributed capacitance. This is the basic lim- 
itation. As for details on recent models, it is difficult 
to get accurate information from the manufacturers, 
aside from brief publicity releases, until design details 
are finalized. 


Martin A. Klein 


Editor, M-A: 


The 2-way helmet radio pictured in Fig. 7, page 
136 of your May-June issue of Military Automation, 
appears to have considerable potential commercially 
in large chemical plants, especially since safety hel- 
mets are almost universally used. 

Any information that you could supply me regard: 
ing a means for procuring these or similar 2-way 
helmet radios would be greatly appreciated. 


C. A. Pfretzschner 
Instrumentation Engineer 


Union Carbide Chemicals Co. 


The transistorized helmet radio units were developed 
by the Army Signal Corps Engineering Laboratories 
at Fort Monmouth, N. J. We suggest that a letter ad- 
dressed to the Director of this activity will bring you 
the information you desire. 


MILITARY AUTOMATION 
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August 20-23 


Western Electronic Show and Convention, Cow Palace, 
San Francisco, Calif. (See page 224) 


August 26-30 


Eighth Annual Infrared Spectroscopy Institute, Fisk 
University, Nashville 8, Tenn. For information write 
Nelson Fulson, Infrared Spectroscopy Institute, Fisk 
University, Nashville, Tenn. 


September 4-6 


Second Technical Conference and Exhibit on Mag- 
netic Amplifiers, Penn Sheraton, Pittsburgh, Pa. For 


information write David Feldman, Bell Telephone . 


Labs., Whippany, N. J. 
October 3-4 


Tenth Annual Quartermaster Association Convention, 
San Francisco, Calif. For more information write, 
Col. A. L. Bivens, president, Northern California 
Chapter, Q.A., P. O. Box 105, Presidio of San Fran- 


cisco, Calif. 


October 7-9 


National Electronics Conference, Sherman Hotel, Chi- 
cago, Ill. For information write J. S. Powers, Execu- 
tive Secretary, National Electronics Conference, 84 FE. 


Randolph St., Chicago 1, Ill. 


October 24-25 


Fourteenth Annual Display of Aviation Electrical 
Equipment, Pan Pacific Auditorium, Los Angeles. 
For information write Mr. Howard Ryerson, care of 
Lynn-Western, Inc., 6901 Melrose Ave., Los Angeles 
38, Calif. 


November 5-6 


Joint Military Industry Guided Missile Reliability 
Symposium, Naval Air Missile Test Center, Pt. Mugu, 
Calif. Persons desiring to attend must have a Secret 
security clearance and should make known their plans 
by August 15 to Commander, USNAMTC, Reliability 
Symposium, Code CEN-1, U. S. Naval Air Missile 
Test Center, Point Mugu, Calif. 


December 6-7 


American Rocket Society, Eastern Regional Student 
Conference, Hotel Statler, New York, N. Y. For in- 
formation write Mr. Mario W. Cardullo, Pres., Poly- 
technic Chapter, ARS, Polytechnic Institute of Brook- 
lyn, 99 Livingston St., Brooklyn 1, N. Y. 


June 9-13, 1958 


Fourth International Automation Congress & Exposi- 
tion and First Military Automation Exposition, Coli- 
seum, New York, N. Y. For information write to 
Richard Rimbach Associates, 845 Ridge Ave., Pitts- 
burgh 12, Pa. 
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A LEADER IN THE FIELDS OF 























ASW and AEW DISPLAY SYSTEMS 













AIRBORNE NAVIGATIONAL COMPUTERS 





MILITARY PLOTTERS 





ELECTRONIC COUNTERMEASURES 











»»- AND IN OTHER IMPORTANT AREAS 


SERVING THE ARMED FORCES AND THEIR 
PRIME CONTRACTORS IN THE FIELD OF AVIONICS 
IS OUR MOST IMPORTANT BUSINESS! 


ELECTRONICS CORPORATION 


NEW YORK 72, NEW YORK 


i Pi hse 





GUIDANCE SYSTEMS 
ae ae | 


LORAL 


NEW LORAL PLANT, OVER 100,000 SQ FT. OF AIR CONDITIONED WORKING SPACE DEVOTED TO CREATIVE DEVELOPMENT AND 
For more information circle 6 on inquiry card. 
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VOLTAGE OR CURRENT CONTROL 


Sine AC or DC | 
SERIES 2302 
COMPACT WITH 
INTERNAL VHS 
METER-RELAY 





These Compacts contain a | 
VHS sensitive Meter-Relay 
and all necessary compo- 
nents for a complete control, 
either automatic or limit. 
Input: DC or AC, 0.2 Microampere to 10 Amperes. 0.1 Millivolt 
to 500 Volts. (Any of the Meter-Relays on page 2, Bul. 104-A, 
can be supplied in a Compact.) 
Overload Protection: The input of low range meter-relays is | 
protected by Stabistors. 
Power Required: 115/230 Volts, 50/400 Cycles. (DC models 
optional.) 
Load Switch: S.P.D.T., 5 A, 125 V. (AC non-inductive). 
Connections: 9 pin plug-in (octal type) (AN connectors optional). 
Mounting: Plug-in. (4 hold down screws, optional). 
Case: 1% x 4% x 4%, steel, dustproof. (Hermetic case optional). 
Circuits: Most of the circuits shown in “Circuitry”, Bulletin 104-A 
and in Catalog 4-C can be supplied in Compacts. 


Cat. No. 2302-AH, 100Ua. DC. .. $121.50 


Ask for Bulletin 104-A 


ASSEMBLY PRODUCTS, INC. 


Box XX, Palm Springs 76, Calif., Telephone DHS 4-3133 or 4-2453 

Booth 2919, WESCON SHOW, Aug. 20-23, Cow Palace, San Francisco 

Booth 1020, ISA SHOW, Sept. 9-13, Cleveland Auditorium, Cleveland, O. 
For more information circle 7 on inquiry card. 


GRAY INSTRUMENT COMPANY 
FOR cp 


ACCURATE & STABLE 











RESISTORS : 
AND 
PRECISION ELECTRICAL 
MEASURING E-1225 
su. of sib. Tyee = INSTRUMENTS “'ypps!*"" 


WHEATSTONE AND 
KELVIN BRIDGES 
LABORATORY AND 
PORTABLE TYPES 
ACCURACY TO =+.01% 





POTENTIOMETERS 
FOR THE LABORATORY 
PORTABLE STANDARDS 
FOR CHECKING OTHER 

INSTRUMENTS 
MILLIVOLT 
OR TEMPERATURE SCALES 
SHUNTS & SHUNT BOXES 
VOLT BOXES 








E-3035 Deflection 
Potentiometer 


VOLTAGE DIVIDERS 
SYNCHRO TEST SETS 


Rack Mounting Can Be Supplied For Many Of 
The Gray Instruments 


See New Products Section. Send For Our Catalog. 


GRAY INSTRUMENT COMPANY 
200 E. CHURCH LANE PHILA. 44 
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Ross Nichols of Weston speaks 
to SAMA Convention 


Government Contracts 
As Seen By The 
Contractor 


Res NICHOLS, Vice President of Weston Elec- 
trical Instrument Co., shown above in his May 
Ist address before the 39th Annual Meeting of the 
Scientific Apparatus Makers Association in Hot Sul- 
phur Springs, W. Va., gave needed illumination on 
some problems associated with government contract- 
ing. Government military purchases ($20 billion) are 
important because of their volume. This figure is 
greater than the combined sales of General Motors, 
General Electric, Standard Oil, and U. S. Steel. The 
health and state of readiness of the defense industry 
is directly affected by government procurement prac- 
tices. 

He stated that, from the contractor’s standpoint, 
many difficulties arise out of the basic fact that gov- 
ernment is, at the same time, both a customer and a 
sovereign state. As a customer, it would be concerned 
with price only, but as sovereign it makes the pro- 
curement contract a vehicle for attaining social ob- 
jectives. The customer cares little where the plant is 


located or its size; but as a sovereign it distinguishes 
between “big” and “little” business, and between con- 
cerns in areas with different ratios of employment to 
the employables, etc. 

He explained that three types of contracts being 
utilized by Government procurement officers are; (1) 
cost-reimbursement plus fee, (2) negotiated fixed-price 
and (3) advertised, with sealed bids. Although stating 
that a return to the time-honored practice of purchase 
through sealed bids on specifications in response to 
advertised invitations would solve many present prob- 
lems, he said that in the case of newly developed items, 
or in cases where security measures are involved, the 
first two methods also have their place. 

The cost-reimbursement-plus-fee contract drew the 
most criticism. This system imposes upon the con- 
tractor a series of limitations designed for the pro- 
tection of the Government and then exposes him to 
the critical review of the Government audit section. 
Unallowable items of cost, according to the Armed 
Services Procurement Regulations (ASPR), include: 
Bad debts, contingency reserve, entertainment cost, 
excess facility cost, fines and penalties, interest and 
other financial costs, losses on other contracts, or- 
ganization costs, pre-contract costs, reconversion costs 
and profit of loss on disposition of plant, equipment 
or other capital assets. He pointed out that all the 
above are actual costs to any contractor and that many 
are allowable business deductions for Federal In- 
come Tax. Also, if a certificate of necessity has been 
secured, the contractor can use the accelerated amorti- 
zation for tax purposes but not for pricing purposes. 
Mr. Nichols said that items specifically not allowed 
were not as great a hazard as other items originally 
allowed but later questioned by the audit section— 
perhaps after completion of the contract—when the 
contractor learns that his price is considerably less 
than planned. : 

The fixed-price contract is presumed to mean the 
agreed price remains fixed after initial estimation of 
costs. However, since no definite ASPR section has 
been designed for fixed-price contracts, some procure- 
ment officers apply cost-type or terminated-contract 
rules to this type of contract. More appropriate rules 
are needed. Above all, contractors should insist on 
writing-in those details which have been agreed on. 
Also be certain that details of government contracts 
are thoroughly understood before signing. 

The amount of profit and the base on which it 
should be computed is another undefined area. Pinched 
between labor’s drive to raise wages and the procure- 
ment regulations, industry is moving rapidly toward 
more automatic production causing a rapid rate of 
plant obsolescence. Renegotiation was defined as the 
“third guess”. First you make a deal, then you have 
“redetermination”. Then, after that is worked out you 
have “renegotiation”. This tends to limit the profits of 
the efficient manufacturer to the level of the ineffi- 
cient, 


Mr. Nichols concluded by saying that the SAMA 









tal 


at 


sa 
tri 
or 
iti 
m 
re 


sti 


ba 
ay 
pe 
D 
to 
W) 
di 
in 


MILITARY AUTOMATION July 





ishes 
con- 
nt to 


eing 
(1) 
price 
ating 
‘hase 
se to 
orob- 
ems, 
, the 


* the 
con- 
pro- 
m to 
tion. 
rmed 
ude: 
cost, 
and 
, Or- 
costs 
ment 
| the 
nany 
In- 
been 
orti- 
oses. 
owed 
nally 
on— 
. the 
less 


. the 
n of 

has 
cure- 
tract 
rules 
t on 
| on. 
racts 


sh it 
ched 
cure- 
ward 
e of 
; the 
have 
you 
ts of 


ieffi- 


AMA 


ATION fi July-August, 1957 








in working with government procurement offices to 
improve the contract situation because only through 
such efforts will conditions improve. He reiterated his 
belief that all such efforts can be only partially effec- 
tive due to the Government’s dual personality, but that 
there is the continuing necessity to impress upon the 
procurement agencies the need for profits available 
for plough-back so that industry will be capable of 
performing adequately in any emergency. 


“The Unavoidable 


Shelter Race” 


This caption is the title of a letter by the Radiolog- 
ical Defense Coordinator of the Multnomah (Ore- 
gon) Civil Defense Agency in a recent issue of the 
Bulletin of the Atomic Scientists. He states that after 
a careful study of a complete transcript of testimony 
before the Hollifield Committee, he has concluded 
that competition between the United States and Rus- 
sia in the building of adequate shelters is an inevi- 
table evolution of the present H-bomb—ballistic race. 
As a stalemate in offensive weapons is reached, the 
defensive aspects assume greater relative importance. 
He warns that if this conclusion is true, the longer 
such a construction program is delayed, the more ur- 
gent, poorly-planned, and wasteful it will eventually 
prove. He quotes testimony offered in the hearings 
that Russia has already made considerable headway 
in providing shelters around her cities and in dis- 
persing her vital industry. 

Providing shelter is only one small part of any 
“shelter race”, as we see it. We must also decentralize 
our military supply so that duplicate or parallel plants, 
warehouses, power plants, and essential records will 
be maintained. If we intelligently utilize the many 
techniques of automation which have been developed 
in the last decade, we can accurately control dispersed 
machine tools, reproduce data records, and telemeter 
instrument readings for the protection of the oper- 
ating personnel of those operations which cannot be 
temporarily suspended during periods of attack. The 
same techniques can be used to enable the rapid 
transfer of production to new centers after a disaster 
or to maintain coordination between parallel facil- 
ities. Also emergency power, radiac equipment, com- 
munications, automatically controlled bull-dozers and 
rescue vehicles will be needed if, as, and when our 
stalled Civil Defense program gets off dead center. 

It also appears that if the casualty predictions 
based on recent Civil Defense practice alerts are even 
approximate, and if some bombers or missiles can 
penetrate the best air defense, as the Department of 
Defense warns us, then it is time for the President 
to propose and for Congress to enact legislation that 
will encourage the construction of shelters and the 
dispersion of industry to ensure our “ 
in any nuclear conflict. 
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STANDARD IN THE 
WORLD OF WIRE 
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See” ——«t:«#PRLABILITY 


@ —90°C TO -+-250°C 

@ SUPERIOR CHEMICAL RESISTANCE 

@ EASE OF STRIPPING & SOLDERING 
@ UNLIMITED COLOR CODING 


* TEFLON® * 


INSULATED HOOK-UP WIRE 

To Mil-W-16878B, Types E and EE. 
Solid Colors and Stripes. Parallel 
wrapped, Spiral wra and Ex- 








“TEFLON” AIRFRAME WIRE 
TO MIL-W-7139A 

TEFLON-Fiberglas construction for 
superior resistance to abrasion and 
short-term emergency fire condi- 
truded Insulation. AWG sizes 8 tions. AWG sizes 6 thru 22. Na- 
thru 32. } tural, white, colors and tracers 
available. 


SHIELDED “TEFLON” 
COATED WIRE 


“TEFLON” 
COATED MAGNET WIRE 


Round Magnet Wire to Mil-W- 
19583, Type Ill. AWG sizes 20 
thru 44 in all coating thicknesses. 

























SUPER-FLEXIBLE THINWALL 
HOOK-UP WIRE 


HIGH TEMPERATURE LEAD WIRE | 
TEFLON or Silicone im ted 


fiberglas braid over TEFLON insu- Extra thin wall of TEFLON insula- All TENSOLON, TEFLON insulated 
y wire for Missile application tion over super-flexible stranding wire is available with closely 
and High Temperature Motor and in AWG sizes 20 thru 36 woven, braided shield to military 


Transformer leads. AWG sizes 6 


and customer specifications. 
thru 36. 


“TEFLON” 


4 9MMF/Ft “TEFLON” 


AIR DIELECTRIC COAX CABLE 
Extra-flexible JMMF/Ft Capacitance 


“TEFLON” 
COAXIAL CABLE TO MIL-C-17B 
50, 75, 95, ohm miniature coaxial 


INSULATED RIBBON CABLE 
Up to 20 conductors, laid parallel 





























in flat ribbon. Available with 
metallic or textile braids and 
variety of lacquers and impreg- 
nants. AWG sizes 10 thru 36. 


cables in compliance with MIL-C- 
17B, or with variety of ‘outer jac- 
kets to fit specific applications. 


coax available with variety of 
outer jackets. LOW-NOISE type 
coax also being supplied. 















SURFACE TREATED 
“TEFLON” INSULATED WIRE 


To provide a surface for ready 
adhesion of potting compounds 
and printing foils. Ideal for high- 
temperature encapsulation. AWG 
sizes 10 thru 32. 


SINGLE AND MULTI 

ee CONDUCTOR “TEFLON” CABLE 
Poa From 1 to 50 TEFLON Insulated 
: conductors, may be cabled, 
shielded, and jacketed with 
TEFLON, ther: astics, of lac- 
quered braids. Units and custom 
assemblies available. 


















oe «MOST GAUGE SIZES AVAILABLE. FOR re 
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INFORMATION ON ANY 
OF ABOVE ITEMS 








INSULATED WIRE COMPANY, INC. 


198 MAIN STREET, TARRYTOWN, N. Y. 


PACIFIC DIV.: 1516 N. GARDNER ST., LOS ANGELES, CALIF. 
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Who likes to keep a customer waiting? Not the men of Plummer & 
Kershaw at any rate. Unfortunately scheduling is easy but producing 
to the high quality standards that have made P & K respected, is 
another thing. Work done with skill and care is not work that can be 
produced quickly. As inevitable then as night follows day it is necessary 
to specify longer delivery dates—we feel sure you wouldn't want it 
otherwise. 


TURN TO PLUMMER AND KERSHAW FOR— 


e Complete Optical Instruments made to Specifications. 


® Design and Manufacture of Optical Systems using Glass, Crystal or 
other Transmission Media. 


© Lenses and Prisms of Many Types. 
© Test Glasses. 


PLUMMER and KERSHAW 


PRECISION OPTICS 
2759 Frankford Ave., Philadelphia 34, Pa. 
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Introducing A LOW-PRICED 


SCOPE DOLLY 


%* Sturdy steel, gray baked-enamel fin- 
ish, meets military specifications 

* 5” ball-bearing rubber tired casters 

%* Rubber gasket protects scope 

* 3 power outlets; 1 input 

* Storage area for pre-amplifiers 

*% Storage shelf for tools, cord, etc. 


Accommodates any standard scope by 
easy bracket relocations. From 6” to 
12%” wide; from 16%” to 22%” long. 


F.O.B., Phila. 
Shipped knocked down (45 Ibs.), assembled 


in minutes. Special modifications to suit your 
requirements. Quantity prices on request. 





Choice territories available for sales 
representation. Write for information. 











ORDER FROM: 


| P.B.R. manufacturing co. 


H & Luzerne Streets @ Philadelphia 24, Pa. © GArfield 6-0932 
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The purpose of these short biographical sketches 
is to provide our readers with an insight into the 
lives of some of the military and scientific leaders 
now guiding the development of automation for the 
U. S. Armed Forces. This month we are happy to in- 
troduce Mr. Edwin A. Link, Director, General Precision 
Equipment; Chairman of the Board, Link Aviation, Inc. 





Ed Link 


Every now and then, and with increasing frequency, 


one sees a news item announcing a purchase by the 
Air Force of a “flight simulator” for one of its jet 
aircraft—or perhaps the item announces the Navy has 
ordered a quantity of “operational flight trainers” for 
a supersonic fighter plane. 

Each time such an announcement is made, another 
tribute to the inventive genius of Edwin A. Link is 
logged into the aviation history books. 


‘ 


The business of building “simulators,” which to- 
day is a highly-competitive, multi-million-dollar indus- 
try serving both military and commercial aviation, 
has grown from a seed planted by Ed Link just 28 
years ago—a seed that didn’t take root and start to 
grow until almost six years later. 

It was in 1929 that young Ed Link of Binghamton, 
New York, built his first pilot trainer—a mechanical 
device resembling a large, toy airplane. Purpose of 
his trainer was to provide a safe and economic means, 
on the ground, for pilots to learn the techniques and 
procedures of flying. 

Ed’s original “Pilot Maker” consisted of a stubby 
wooden fuselage with cockpit, mounted on an organ 













FIG. |. ED LINK FLYING the first Link Trainer, used 
about 1929 as part of a learn-to-fly package for would- 
be pilots. 


bellows which he had “borrowed” from his father’s 
piano factory (Fig. 1). The bellows was operated by 
an electrically-driven vacuum pump, which caused the 
fuselage to pitch and roll as the pilot “flew” the train- 
er. 

The cockpit was equipped with standard aircraft 
controls; later, after a few modifications, it also was 
provided with what few instruments were in general 
use during that period. 

Ed and some of his closest friends were convinced 
that his trainer was a practical and useful device. It 
was not until 1934, however, that Ed’s invention and 
pilot training theories began to catch on. 

Ed’s big break came in 1934, With the help of a 
friend—World War I pilot Charles S. (Casey) Jones— 
he succeeded in getting a group of Air Corps officers 
together for a demonstration of the trainer. 

The demonstration was scheduled for Newark, New 
Jersey, but the day Ed was supposed to fly in from 
Binghamton turned out to be very foggy and misty. 
The Air Corps group arrived at the airport, took one 
look at the soupy weather, and concluded that Ed 
Link would not arrive. 

But just as they were about to leave, Ed’s plane 
droned overhead. He made it on instruments—a rare 
feat during those early days of aviation—and his ac- 
complishment convinced the Air Corps that he knew 
plenty about instrument flight. 

The rest was easy. Ed demonstrated the trainer and 
soon received an order for six units. Other orders 
followed, and the company’s growth was assured. 

During World War II, Ed’s young company really 
came into its own; turned out trainers at the rate of 
one every 45 minutes. With a peak payroll of 1,500 
employees, the company turned out “blue boxes” that 
were used to train more than a half million airmen 
throughout the world, 

Contracts were obtained for a huge navigational 
trainer, special radio aids, submarine docking train- 
ers and flexible gunnery trainers. 

And the company built its now famous C-11, the 
first jet trainer ever produced and, later, the B-47B, 
the world’s first jet bomber simulator. 

By this time, the mechanical-type trainers had 
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FIG. 2. ARTIST'S RENDERING of the simulator for 
the supersonic, delta-winged F-102A interceptor. 
Flight records are in background and operator's con- 
trols and duplicate instruments against right wall. At 
left and rear of the training area are the steel cabinets 
which house the electronic computers, electro-mechan- 
ical components and air conditioning units. 


been replaced by complex electro-mechanical analog 
computers to insure that each flight simulator “flew” 
—instrument-wise—exactly like its airborne counter- 
part. 

Each simulator was equipped with the latest simu- 
lated radio aids and navigation equipment; the in- 
structor’s area was equipped with automatic graphic 
flight recorders, duplicate cockpit instruments, and 
facilities for introducing a number of hazardous emer- 
gency flight conditions and mechanical malfunctions. 

In 1953 Ed Link named E, Allan Williford as the 
company’s second president, and Ed moved up to be- 
come chairman of the board. Another step taken by 
Ed Link was to affiliate his company with the General 
Precision Equipment Corporation in 1954, 

Today, with a record employment of 2,600, Link 
is building complex electronic flight simulators for 
such aircraft as the Air Force’s F-102 (Fig. 2) and 
F-106 and the Navy’s F11F and F8U. Link also is 
producing for the Air Force a unique simulator for 
training guidance crews of the Martin Matador pilot- 
less bomber. 

In addition, the company also leads the simulator 
industry in number of orders received for commercial 
jet and prop-jet simulators. With simulators for such 
forthcoming airliners as the Douglas DC-8, Boeing 
707, Lockheed Electra and Convair 880 already in 
the works, Link lists as its customers such airlines as 
United, Eastern, National, KLM, SAS, Qantas and 
TWA. 

For his many contributions to aviation, Ed has re- 
ceived the Potts Medal, the Wakefield Gold Medal, 
and the Exceptional Service Award. 

He co-authored Simplified Celestial Navigation with 
Capt. P. V. H. Weems, USN. 

Ed married Marion Clayton at Ilion, N. Y., in 1932. 
Their two sons are: William Martin Link, born Jan- 
uary 1, 1938, and Edwin Clayton Link, born Novem- 
ber 30, 1941. 
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SHORT LENGTH- 


( \ 
\ 


SMALL NECK DIAMETER- 


MINIATURE BASING- 


Off-center neck 
design for sector- 
scanning applications. 







Detailed specifications 
upon request ... 


RADAR 
TUBES 


Type 
B1173 
K1517 
























AND 


AIRBORNE RADAR 


TABLE OF 


Diameter 
3” 
3” 


1 


Length 
5% ” 
6% “” 


1 


Focus Deflection 





1 


Miniaturized 3” to 12” diameter radar tubes save space and weight in 
military and commercial installations. Ideal for use in airborne radar or any 
installation requiring high performance with miniaturization. 
Du Mont miniaturized radar tubes feature short overall length and small neck diameter. 
Nine-pin miniature design saves base and socket weight. Reasonable power 
requirements aid in reduction of associated circuitry size and weight. 


IMPORTANT SPECIFICATIONS 


Neck 
Diameter 


Elect. Mag. %" 
Elect. Mag. %" 


Deflection 


Voltage Screen 


7KV 70° Alum. 
sky |Off Center| Alum. 


8KV 


Industrial Tube Sales, Allen B. Du Mont Laboratories, Inc., 2 Main Ave., Passaic, N. J., U.S.A. ° 
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SALES MANAGERS: You route this memo— 


to your ad department and agency—reminding them to plan now 
to advertise in the 1958 1&A Handbook & Buyers’ Guide 





Industry's only instrument-control equipment 
buying directory, the Guide offers you... 


Entree to 23,000 buyers of instrument and auto- 
K matic control equipment. 


My A directory listing equipment, names and ad- 
dresses of 3,000 manufacturers. 


ay Twenty-two years experience selling to OEM and 
end users. 


PUBLICATION 
DATE 


fis Year ‘round contact with industry's big buyers. 


Reserve your ad space now. Forms close August 15-31—write: 


INSTRUMENTS PUBLISHING CO., INC. ~- 
845 Ridge Ave., Pittsburgh 12, Pa., FAirfax 1-016] 
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Excerpts from important 
manufacturers’ literature 


Right-Angle Tube Sockets 


New sockets for printed-circuit assembly: (1) 
Save space to permit compact packaging allowing 
tubes to be placed closer to heat sinks, (2) increase 
shock resistance as lower position of tube mass re. 
duces strain on socket caused by acceleration, (3) 
mount easily; are ideally suited for hand or mecha- 
nized insertion into printed wiring boards, (4) are 


iis in we 


Ke 


versatile as long terminals permit use of right-angle 
tube sockets on a wide range of board thicknesses, 
(5) are plated to meet specifications of salt spray 
test. Sockets meet existing ML specifications. Silver. 





Plated contacts assure minimum contact resistance. 
(“From new Materials and Specification” Bulletin, 
Pacific Coast Div., Aerovox Corporation, 2724 S. 
Peck Rd., Monrovia, Calif.) 


For this literature circle 101 on inquiry card. 


Fire Detection 


All the components of the fire and overheat detec: 
tion system, the accessory overheat indicating and 
alarm system and the systems themselves—products 
of the instrument division—are found in more than 
12,000 military and civil aircraft. Fire and overheat 




















detection with the new continuous cable fire detector 
is another Edison first. The semiconductor type cable 
is unusually flexible, is extremely sensitive to heat and 
is virtually immune to fire or mechanical damage. It 
detects fire at any point along its length. Approved for 
military and civil aircraft under latest applicable spec: 
ifications, From new 16-page bulletin also including 
resistance temperature detectors, hermetically sealed 
time-delay relays and sensitive magnetic relays, 


Thomas A. Edison Industries, West Orange, N. J. 


For this literature circle 102 on inquiry card. 
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SPECIAL PRICE .. . 
ELEMENTARY 


ENGINEERING 
ELECTRONICS 


Copyright 1945 


With Special Reference to 


Measurement and Control 


By ANDREW W. KRAMER 


Managing Editor Power Plant 
Engineering. Member American 
Institute of Electrical Engineers, 

Associate Member Institute 


of Radio Engineers. 


Cloth, 344 pages, 259 illustrations 


Acquire a better knowledge of 
electronics without trying 


to be a radio engineer. 


While They Last 


$1.00 


Postpaid 


Check, money order or cash must 


accompany order 


INSTRUMENTS 
PUBLISHING CO. 


845 Ridge Ave., Pittsburgh 12, Pa. 

















July-August, 1957 


Lit-Bits—Continued 





Spectrum Display Units 


The purpose of a Spectrum Display Unit is to pro- 
vide a visual indication of the signal to which a re- 
ceiver is tuned, as well as to provide a visual indica- 
tion of signals in a band of frequencies above and 








below that being received. The signals are displayed on 
a cathode-ray tube that has a calibrated screen allow- 
ing both frequency and relative amplitude of received 
signals to be determined. 

The frequency band being displayed is adjustable 
by means of a sweep width control. Maximum sweep 
width is normally used to search for other signals 
around the desired frequency. Reduced sweep width 
is used when evaluating the signal being received and 
the type of modulation used can be determined. (From 
new 2-page bulletin, Nems-Clarke, Inc., Silver Springs, 
Md.) 


For this literature circle 103 on inquiry card. 


Phase Sensitive Demodulator 


The Hoover Model 10019 Phase Sensitive De- 
modulator, with its associated 400-cycle power supply, 
is a compact, lightweight unit which serves as the 
link between a guidance system and a telemetering 


INPUT OurTPuT 





400-cycle signal © to 5 VOC’ or —2.5 VOC to +2.5 vOC** 


Zero +25 VOC +0.025 voc 0 to =0.025 voc 


| 
| 
| 
Full-scole in phose with ref +5 VOC +0.025 voc +25 VOC +0025 VOC 


Full-scale 180° out of phase 0 to +0025 voc —2.5 vOC +0025 VOC 
with ref 











system. It supplies subcarrier oscillators with signals 
proportional to the position of three gyros, synchros 
or other position sensing devices. In addition, it sup- 
plies a signal representing the a-c reference voltage in 
the system. 

The Model 10019 and its associated power supply 
provide for four channels, three of which are phase 
sensitive demodulators and the other is an a-c rectifica- 
tion channel. Minimum input impedance on all phase 
sensitive channels is one megohm. Input impedance on 
the reference channel is 100K. (From new 4-page bul- 
letin, Hoover Electronics Co., 3640 Woodland Ave., 
Baltimore 15, Md.) 


For this literature circle 104 on inquiry card. 
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KEARFOTT offers the systems manufacturer the 
most complete line of precision made components 
available anywhere. Quantity production 

enables quick deliveries and reasonable prices. 


SYNCHROS—Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 

Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance. 


SERVO MOTORS—High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23. 


TACHOMETER GENERATORS — Available as 
damping generators, rate generators and 
integrators. They feature high output to null 
ratio and extremely linear outputs. Temperature 
stabilization may be provided. ’ 


GYROS—Directional, floated rate integrating, 
free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications. 





Bulletins giving physical 
and technical data of the 
various Kearfott Products 
will be sent on request. The 
Kearfott organization is 
available to assist in the 
development and 
manufacture of other 
precision components you 
may require. 





peated anette EQUIPMENT CORPORATION 





pemaea 


KEARFOTT COMPANY, INC.; LITTLE FALLS, N. 4. 


. 
; Sales ond Engineering Offices: 1378 Main Avenve, Clifton, N. J. a 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. South Central Office: 6211 Denton Drive, Delos, Te 
BS West Coast Office: 253 N. Vinedo Avenve, Pasadena, Calif. 
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! Sub-Miniature 
Potentiometers 


and 


Trimmers 


\/o size, precision wire-wound, 


up to 250K, +.3° linearity 


setting new standards 
for dependability 
Tame oMeilialiciatlap4eiatels 





Let the facts speak for themselves! ACE Sub-Miniature Precision Wire- 
Wound Potentiometers and Potentiometer Trimmers are the result of 4 years 
development and over a year of successful use by leading electronic equipment 
manufacturers. Users have conclusively proved that ACEPOTS and ACE- 
TRIMS meet requirements for space and weight saving compactness, while at 
the same time meeting MIL specs’ most stringent qualifications for perform- 
ance and dependability. Why invite trouble with untested components when 
you can protect your reputation with ACEPOT and ACETRIM .. . the 
subminiature potentiometers and trimmers proved in actual use. 








Condensed Engineering Data 


Resistance Range 
Linearity 
Resolution 


Ambient Temperature 


Torque 


ACEPOT ACETRIM 
(potentiometer) (trimmer) 
200 ~~ to 250K + 2% 10 - to 150K + 3% 
+3% +3% 
extremely high excellent 


— 55° Cto 125°C 
low or high 


- 55° C to 125° C® 
low or high 


The above specifications are standard — other values on special order. 


Available in threaded bushing, servo, flush tapped hole or flange mounting, and 
ganged units. All units sealed, moistureproofed, and anti-fungus treated. Meet 
applicable portions of JAN specs and MIL-E-5272A standards. 


*New X-500 ACEPOT operates to a new high of 150° C. 








Expedited delivery on prototypes; prompt servicing of production orders. 
Send for Fact File and application data sheets. 


ACEPOT* 


_aACETRIM* 


192 


*trademarks applied for 


ACE ELECTRONICS ASSOCIATES 


Dept. M, 10! Dover St. e Somerville 44, Massachusetts | 


For more information circle 15 on inquiry card. 
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Monochromator Sees Infrared 


A complete radiation laboratory in itself, the AIM 
is designed: (To determine the absolute spectral dis- 
tribution of radiation from airborne targets in the 
1.5-25-micron region (A micron is equal to 1 x 10~° 
meter); (2) to determine the total radiation from 
targets; (3) to record these measurements on a two- 
channel recorder. 


PROTECTIVE RESISTORS 


ACTIVE BOLOMETER 
ELEMENT 


BIAS SUPPLY 





BYPASS CAPACITORS eaten ~~ | eee 
DETECTOR CIRCUIT of Airborne Infrared Mono- 


chromator 

On the AIM, a visual and an IR optical system are 
joined by a parallelogram linkage that is gyroscop- 
ically stabilized in yaw and pitch. When an operator 
sights the target, he simultaneously brings the IR 
optical system to bear on it. 

Target radiations gathered by the IR optical system 
are focused on the entrance slit of the monochromator 
and measured with respect to a known reference level 
—a hot body whose temperature is electronically con- 
trolled. 

Both total and dispersed radiation are measured— 
each by a separate thermistor bolometer. (From new 8- 
page Bulletin 1256, Servo Corp. of America, 20-20 
Jericho Turnpike, New Hyde Park, N. Y. 


For this literature circle 105 on inquiry card. 


Oscilloport 


The Oscilloport is a multi-purpose instrument which 
records electrical oscillations versus time in true rela- 
tion to amplitude and reveals their interdependence 








- — 




















U 
OPTICAL SYSTEM. (left) and recording section 
(right). 

by simultaneously tracing four phenomena. As the 
equipment is dust and rain proof, designed for 24 
v de, and built to take the strains of transport, it can 
be used in the field. (From new 6-page Bulletin SH- 
3348, Seimens—New York, Inc., 350 Fifth Ave., New 
York 1, N. Y.) 


For this literature circle 106 on inquiry card. 







N sub-miniature 





Making “sweet music 
together” —missile control 

systems and the new 
HG-2SM-R, sub-miniature 
relay by Hi-G. 


This rugged relay measures 


only 1%” by .635” 

in diameter . . . Surpasses 
all applicable portions of 
MIL-R-5757C and 
MIL-R-25018. Contacts 
5 Amps resistive... 

2 Amps inductive 


at 28 VDC or 115 VAC. 


Coil voltage from 
6—200 VAC. 
For all the facts. write today. 


a new note in 





another outstanding 


Hi-G relay 


HG-E2 


Sub-miniature. .. hermetically sealed . .. 


space saving, this HG-E2 relay measures 1” square 


by 3442”... meets MIL-R-5757C. Designed 


for operating temperatures up to 125°C. with 


long-life characteristics at rated contact loads of 


2 amps at 28 Vdc or 115 Vac. Coil resistance ranges 
of 50 to 10,000 ohms. Hook terminals or straight 
pins for plug-in and printed circuit applications 
are standard. Available in Form A, B, or C contact 


arrangement with maximum of two poles... 
for AC operation with internally mounted 


silicone rectifiers. 


Today ... find out more 
about the complete line of Hi-G 
sub-miniature relays. 


2 


BRADLEY FIELD *« WINDSOR LOCKS, CONN. 


For more information circle 16 on inquiry card. 
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Giant observation window re- 
veals one of the ‘'supercon- 
trolled" areas in the new half- 
million dollar Reeves Instru- 
ment gyroscope laboratory 
where white-robed technicians 
develop and assemble minia- 
ture HIGs (hermetic integrat- 
ing gyroscopes) produced to 
tolerances as close as 0.0000! 
inch. 
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Lint Free Lab Helps Wheels Spin 


YROS are the heart of inertial guidance sys- 


tems because they provide the stabilization 
reference for navigation beyond the earth’s 


surface. Some gyros weigh less than four ounces, meas- 
ure one inch in diameter, yet have drift rates in navi- 
gation less than three degrees per hour. Their two- 
hundred parts must be precision machined and assem- 
bled to microscopic tolerances. 

In order to provide facilities for such fine work, a 
new half-million dollar research and production fa- 
cility has just been completed by Reeves Instrument 
Corp., a subsidiary of Dynamics Corp. of America, at 
its Roosevelt Field plant. It is already in production on 
the newest types of floated gyroscopes with friction 
torque level less than 9.0000015 ounce-inch, and ac- 
celerometers with production tolerances as close as 
0.00001 inch. Gyros made here include 1, 2 and 314” 
dia integrating gyros, 1 and 2” rate gyros, 2” pendu- 
lous integrating gyros, etc. Progress has been made 
towards development of even smaller and more ac- 
curate models of these instruments. 

The laboratory for prototype gyro research uses an 
air filtration system that catches particles of dust as 
small as 3/10 micron (9.000012 inch). The effective- 
ness of the filtration system and the size of the parti- 
cles filtered out can be judged by the fact that one 
average puff of cigarette smoke contains 12 billion 
particles, with each particle averaging 6/10 micron 
—twice the size of those trapped in the “supercon- 


trolled” laboratory zone. All waste is removed through 
vacuum hoses built into the walls and all material en- 
tering the laboratory is electronically cleaned and 
passes through a “push through” which turns so that 
its opening can be in only one room at a time. Hu- 
midity and temperature are continuously monitored 
and recorded. 

Engineering and development rooms surrounding 
the laboratory include two gyro sub-assembly rooms, 
a model shop and an electro-magnetics section. These 
areas house electronic gages calibrated to 0.000001 
inch and are termed “moderately dust controlled”— 
the filtration system eliminates particles of dust larger 
than 5 microns (0.0002 inch). Here engineers and 
technicians work out new mass-production techniques 
and develop components for new prototypes. 

A general production and sub-assembly area where 
gyros, once out of prototype stage, are started in mass 
production also is “moderately dust controlled” (5 
micron filtration). From this section the miniature 
gyros go to the final assembly area, which, like the 
laboratory, is “supercontrolled” (3/10 micron fil- 
tration) because the final stage is the most delicate of 
all in manufacture. 

The gyros are used in long-range missiles to pro- 
vide error signal if missile drifts from pre-set course. 
These signals (from two to seven such gyros and ac- 
celerometers) are evaluated by a computer which 
commands corrective devices. 


For information on Reeves Hermetic Integrating Gyroscopes circle 201 on inquiry card. 


BRISTOL remote 


TYPICAL 


positioning TRANSMITTER 


system has 
inherent 
fail-safety 


The new Bristol Model 702. 
Remote Positioning System consists 5% 
basically of a transmitter, amplifier, “<= ea 
and receiver available in an ex- * 
tremely large number of variations AMPLIFIER AND RACK 
representing the biggest selection of 
components and options available in 
any such system. The key features : 
High basic reliability is built into 
the Bristol Remote Positioning Sys- 
tem through : 

1, The use of premium quality 





parts 

2. The liberal application of safety 
factors in electrical and me- 
chanical design 

8. The avoidance of critical value 
requirements (to reduce aging 





and drift failures ) , 
4. Complete environmental and 
quality control testing. aia RECEIVER 
inherent fail-safety: While the Bris- 
tol Remote Positioning System is as t 


reliable as it is possible to make it, 
in addition, it is designed for fail- 


safe operation to give you the surest, IT’S IDEAL — 
safest positioning system available. for airborne applications 
In the event of breaking, short cir- like power plant control, 


cuiting, grounding, or any combina- —* gga 
tion of these in the wires connecting ‘*Y a =, = oe 
the major components, or in the ee By fhe pero 
ae r and nose-wheel steering, 
event of any statistically reasonable and also for ground uses 
failure or combination of failures of like engine test cell con- 
any parts in the amplifier, the sys- trols and remote manipu- 
tem will either continue to give a lation of apparatus in ra- 
satisfactory degree of control, or the _dioactive locations. 
output shaft will remain in position. 
This fail-safety is built-in—not produced by auxiliary devices. 
P y ary 
Accuracy is independent of load. 


Operates from rotary or linear input; provides rotary or linear 
output. Any combination of input and output types can be used. 
Power supply options—Amplifier and receiver power supplies 
need not be identical. Amplifier requires a single power supply 
—400 cps—low power drain—15 va. Receiver may operate on 
practically any available supply—a-c or d-c. 
Wide variety of options—includes manual and transducer trans- 
mitters in many forms—manual over-ride provisions —inching 
control—and remote position indication—are only a few of the 
available options. 

‘Write for complete data. The Bristol Company, 174 Bristol 
Road, Waterbury 20, Conn. 6.85 


| BRISTOL FINE PRECISION INSTRUMENTS 
FOR OVER 68 YEARS 


For more information circle 33 on inquiry card. 











Problems associated with the management of millions 
of engineering drawings include (1) filing, (2) storage, 
(3) reproduction, (4) mailing, (5) quick reference and 
(6) up-dating. Here are some modern automatic 
approaches to these problems by the Armed Forces. 































































































FIG. 2. OPERATOR PUTS ORIG- 







FIG. 3. DEVELOPED IMAGE ON 













INAL drawing in holder; decides | EXPOSED XeroX plate being trans- FIG. 

exposure time and sets lens dia- ferred to offset paper master. This OFFS 
phragm. Aide in darkroom expos- equipment charges paper master port 
es positively-charged, selenium- positively to attract negatively steps 
coated XeroX plate for prescribed charged powder from plate. (Pho- ures. 
period. (Photo courtesy Haloid to courtesy Haloid Co.) 
Co.) o.} 


ENGINEERING DRAWINGS FOR 


i HE ARMED FORCES annually create, distrib- 


Xerography is used to make paper offset masters 


MILITARY AUTOMATION 








similar 





ute, file and consult millions of engineering to be used on standard duplicating machines that can ices 
drawings incidental to procurement of items for na- print over 5000 copies per hour. The basic process “At t 
tional defense. For example, the Signal Corps includes is shown in Fig. 1. At the ASSA, the original drawings J, 11) 
drawings with its invitations for bids by subcontrac- are copied with a xerographic camera (Fig. 2) onto aaition! 
tors, and issues many more for reference by field en- an 11” x 17” electrically-charged selenium plate. This oide ; 
gineers and installation personnel. Naval aircraft plate is then dusted with a powdered plastic, which is 1’ c 
annually require 250,000 master drawings, 750,000 then electrostatically transferred to a paper offset te 
Van Dyke prints, and 3 million blueprint copies. The master (Fig. 3) and fused into permanent form (Fig. type, c 
Air Force has an engineering drawing requirement of 4). The remainder of the process is standard offset Rol ; 
even greater magnitude, Other offices in each service duplication (Fig. 5) of as many copies as.the mailing anes 
and in other government departments are likewise con- requires. Savings are made in the speed with which The 
fronted by the formidable problem of engineering offset masters are produced from a wide range of  ——— 
drawing management. drawing sizes, standardization of mailing in 12” x oon 
Different procurement offices, in seeking solutions 8” envelopes, elimination of print trimming. lower copy s 
for their own problems, have evolved different an- cost of print copies, and reduction of mailing charges. ARDC. 
swers, some of which may suggest suitable applications The Signal Supply Agency estimates that it now J joyce , 
of rapid duplicating services to other activities. This saves more than a half-million dollars annually by the port of 
article illustrates applications of the XeroX®* Film- use of xerography and offset duplication as against Depart 
How Xerography Works — and Recordak®*** equipment to some needs mailing blueprints. Recently, when the Agency sought J and cto 
|. Selenium-coated plate is electrostatically of the three services. bids for its MPQ-10 mortar locator radar, it solicited F ye.) jt; 
charged by passing under wires. 2. Coating 65 companies. Each mailing contained 1,973 draw- 
of plate is charged positively. 3. Copy (E) is The Signal Supply Agency Application ings. Under the old method of blueprint reproduction 
projected through lens in camera. Charge of Xerography it would have required 250 manhours and cost $6,040. 
remains only in areas protected by shade as , ay By th : aii aes tae h “od The 
light discharges exposed areas. 4. Plastic The Army Signal Supply Agency in Philadelphia is ee a ae ee ee en adelphi 
powder (developer) adheres to charged areas. concerned chiefly with supplying print copies to pros- at a cost of $2,180. _ = 
5. Sheet of plain rue is placed over devel- pective bidders. Drawings are either 8” x 10” or 11” x C — 
oped plate and electrified positively to attract 1S ck cases iilie date ane waned Ai — ompat 
powder off plate to paper. 6. Paper is re- ,—— ir Force and Other Applications veloped 
moved; powder forms a direct (re-reversed) Xerography is used also at numerous installations § Which | 
image on paper. 7. Print is heated for a few *XeroX is a trademark copyrighted by The Haloid Co., Roches- of the Air Force. At Wright Patterson alone there are § shippin 
seconds to fuse powder into permanent print. ter, . 21 XeroX installat; ie sce staal 
Offset master may be used instead of paper. “oPiimsert ts a copyright of the Denter Polder Compeng, Pearl TE SF AA es ae ee a — 
svRacentiok is a trademark of Recordak Corp., New York 22 N. Y. ard office type to the more elaborate Model 1218 a. 
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FIG. 4. POWDER IMAGE ON 
OFFSET PAPER master is made 
permanent by baking. Foregoing 
steps have taken about three min- 
utes. Master is now ready for 
duplicator. (Photo courtesy Haloid 


Co.) 


FIG. 5. MASTER IS MOUNTED 
ON OFFSET duplicator which runs 
off as many copies as required by 
U.S. Army Signal Corps. (Photo 
courtesy Haloid Co.) 


FIG. 6. VAN DYKE PRINTS FROM which blueprints 
are made cannot be folded. Roll storage, shipping, 
handling is a space- and labor- consuming operation 


at Naval ASO, Philadelphia. (Official U.S. Navy 


Photograph) 


'HE ARMED FORCES 


similar to the equipment used by the Signal Supply 
Agency in Philadelphia. 

At the Warrenton, Va., Air Force Training Center, 
an 11” XeroX Copyflo®* continuous printer auto- 
matically turns out training information copies 11” 
wide from roll microfilm at the rate of 20’/min. The 
11” Copyflo has the following models: One copies 
from roll microfilm; another, called an opaque-head 
type, copies from original documents as large as 24” 
wide; a third combines the input capabilities of the 
first two, All models can print at the rate of 20’/min. 

The 11” Copyflo printer also is used at the Armed 
Forces Technical Information Agency, Dayton, Ohio, 
where it has turned out more than a million feet of 
copy since last Fall. This agency, operated by the 
ARDC, Air Force, for all three services, is a clearing 
house of scientific and technical information in sup- 
port of the Research and Development program of the 
Department of Defense. It collects, indexes, abstracts, 
and stores scientific and technical reports covering the 


results of the DOD R&D effort. 


The Naval Air Prototype Program 


The Naval Aviation Supply Office (ASO) in Phil- 
adelphia, cooperating with other interested DOD 
offices and with the technical assistance of the Haloid 
Company and the Dexter Folder Company, has de- 
veloped a prototype Xerographic-Filmsort system 
which further reduces handwork, storage space and 
shipping costs. The Filmsort system uses easily-re- 


_—_ 





*Co ng is a trademark copyrighted by The Haloid Co., Ro- 
chester, N. Y. 
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FIG. 8. FILMSORT APERTURE CARD 
has small aperture for 35-mm film 
positive. Punched and typed data can 
be entered on card on the 50 lines 
to the left of the aperture. (Photo 
courtesy Haloid Co.) 


FIG. 9. FILMSORT AUTOMATIC CARD-TO- 
CARD printer reproduces duplicate Filmsort cards 
from mounted film by dry, rapid process. Input 
cards are blank cards loaded with blank film in 


aperture. Output cards have developed film and 
punched data. (Official U.S. Navy Photograph) 








a | 











FIG. 7. FILMSORT AUTOMATIC MOUNTER 
takes deck of punched EAM (Electronic Ac- 
counting Machine) cards and roll microfilm, 
automatically mounts film in aperture cards 


and punches them to agree with master. 
(Official U. S. Navy Photograph) 
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FIG. 10. XEROX COPYFLO CONTINUOUS 
PRINTER turns out 24”-wide engineering 
drawings at rate of 20’/min from Filmsort 
tabulating cards. (Photo courtesy Haloid Co.) 
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FIG. 11. SCHEMATIC DIAGRAM OF COPYFLO 24" 


continuous printer. (Drawing courtesy Haloid Co.) 


FIG. 12. SCHEMATIC DIAGRAM of RCA BIZMAC Electrofax mi- 


crofilm enlarger (Drawing courtesy Radio Corporation of America) 
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produced microfilm positives mounted in apertures in 
standard computer cards* for automatic sorting and 
filing. A continuous 24” Copyflo printer makes inex- 
pensive paper prints from the film for bench use. 

Experiments with this prototype system, recently 
exhibited at ASO, Philadelphia, are being coordinated 
with other naval offices, the Army Signal Corps, and 
the Air Force to ensure that equipment developed 
will also fulfill the requirements of all potential users. 

The Aviation Supply Offices’s present problem in 
storage and handling of the large-size Van Dykes 
and blueprints now required of all aircraft systems 
contractors is illustrated in Fig. 6. Naval contractors 
are now required to furnish ASO three Van Dykes 
and twelve blueprints of each drawing; these cost 
$9.60. Under the new system the contractor will fur- 
nish a roll of microfilm containing all the equipment 
drawings, with blank EAM (Electronic Accounting 
Machine) cards on which the identifying data for each 
drawing has been punched and typed. Each card is 
then reproduced to a Filmsort card on a standard 
card punch machine to be used as a master in the 
Filmsort automatic mounting machine which auto- 
matically cuts the microfilm and mounts the film in 
the aperture. Fig. 8 shows microfilm mounted in the 
aperture card. 

A Filmsort automatic card-to-card printer (Fig. 9) 
has been developed to duplicate the aperture cards by 
dry photographic printing, at a cost of ten cents a 
copy. It is anticipated that all shipments of drawings 
between naval activities or to large users will be made 
by transfer of Filmsort cards, which are easily sorted 
and filed by machine; thus achieving management 
economy and flexibility. Whenever aircraft are modi- 
fied, the location and replacement of obsolete draw- 
ings by their up-to-date counterparts can be quickly 
made with a minimum of manpower. 

Visual reference to a particular drawing can be ac- 
complished by projecting the microfilm in a reader 
or by making a 24” xerographic print on the new 
Copyflo printer. 


The 24" Copyflo Printer 


The Copyflo machine is an application of the xero- 
graphic process to continuous production of enlarged 
prints from microfilm positives. The 24’ Copyflo 
printer is shown in Fig. 10; its operation is shown 
schematically in Fig. 11. 

The aperture card is placed in a card holder which 
slowly moves the microfilm under the lens system. 
This motion, when magnified by the optical system. 
exactly matches the speed of the selenium-coated drum. 
The electrically-charged surface of the drum is exposed 
to light only at the narrow slit receiving the projected 
image of the microfilm. All portions of the drum 
which are shaded by markings on the film retain their 
electrical charge and subsequently attract a coating 
of the developer (dry, negatively-charged, plastic 
dust). 


*International Business Machines Corporation or Remington-Rand 
Cards. 
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\ext, the roll paper is brought into contact with the 
dru and charged to attract the powder from the drum 
onto the paper. The paper then passes under the hot- 





wire fuser grid which melts the powder, forming the 
permanent black marks which constitute the lines of 
the enlarged drawing. Each film may be re-exposed 
any desired number of times to produce additional 
copies before the next card is fed into place. The prints 
are dry and smudge-proof as they come from the ma- 


chine. 


The Electrofax Process 


Evaluation of a similar prototype microfilm printer. 
using the Electrofax* system, is planned at the Naval 
Air Station, Alameda. This process (Fig. 12), de- 
veloped under the Bizmac program of the Radio 
Corporation of America, differs from the xerographic 
process chiefly in that a coated paper which is sen- 
sitized electrostatically just prior to printing, will be 
used instead of the selenium drum and uncoated paper 
combination. It is also designed to produce a dry 
non-smudging image which is fixed by heat. The 
Bizmac automatic printer is planned to operate from 
either Filmsort cards or 35mm microfilm rolls to 
produce a roll of prints 22” wide. 


*Electrofax is a trademark copyrighted by the Radio Corporation of 
America, Camden, N. J. 





Possible Savings of the Navy Filmsort 
Program at ASO 

The extension of the prototype system described at 
ASO to other Naval air establishments can result in 
an estimated initial savings on prints of $1.9 million 
a year, plus $225,000 on filing, inspecting, and han- 
dling Naval air prints while another $94,000 is salvage- 
able from warehouse space and filing cabinets no 
longer required. 

Users, such as Alteration and Repair Divisions at 
Naval air stations, will have similar savings. Mailing 
costs will be cut to a fraction by the substitution of 
duplicate Filmsort positives for full-size blueprints or 
Van Dykes. No files will be required for the paper 
| prints as they will be destroyed. If needed again they 
can be xerographically reproduced with less cost than 


that from filing the expended print. 
The equipment required to implement the Film- 
sort-Copyflo system will be: Kalfax card-to card 


printers, at supply centers only; automatic Copyflo 
enlargers by large users; manual enlargers by small 
activities; Filmsort viewers by all using activities. 





If results of the evaluation program are satisfactory, 
| it is expected that microfilmed drawings will be issued 
1 to all users (who will be encouraged to use viewers to 
r the fullest practical extent to minimize paper costs). 
: It seems probable that the system will find wide ac- 
c ceptance in other government offices and in industry 


because it demonstrates practical labor and space- 
saving techniques in engineering drawing manage- 
ment, 
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GENERAL TRANSISTOR 


MEETS NARROW PARAMETER SPECS 
FOR COMPUTER CONTROL COMPANY’S 


ONE SHOT MULTIVIBRATOR 








RELIABILITY WITH SAVINGS 


GAINED BY G. T.'S ENGINEERING 


Complete reliability, performance, space and weight limits 
and competitive price were the requirements of this trans- 
istorized module for digital systems manufactured by the 
Computer Control Company. The application required narrow 
parameter spreads. 


General Transistor met and surpassed these very tight specs 
with their GT-122 high current gain PNP type transistor. 
This problem was solved by “GT's” engineering skill and 
transistor “know-how” coupled with advanced production 


techniques plus the enforcement of strict quality controls. 


As an added service “GT” engineers designed and constructed 
a special test circuit which enabled shock and vibration tests 
to be performed and environmental conditions created to assure 
the customer complete reliability under extreme conditions. 


This is just one more example of why General Transistor is 
the fastest growing name in transistors. 


Send today for complete technical data and specifications. 


TRANSISTOR 


91-27 138TH PLACE 
JAMAICA 35. NEW YORK 


4nd) 
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EXTERNAL SLIP RING AUTOSYNS® 


Bendix external slip rings replace ordi- 
nary fixed leads where it is desired to 
rotate the stator in addition to, or instead 
of, the rotor. Individual mechanical and 
electrical requirements determine location 


and configuration of these external rings. 


As can be seen from the few examples 
below, many variations are possible in 
Bendix External Slip Ring Autosyns. 





Rotor and stator take-offs 
are by means of brushes 
riding on these external 
rings. 


Three external stator rings 
in face of Autosyn. 


Rotor and stator rings 
mounted concentrically with 
tei Ail .y of hk +} 9 
Rotatable gear mounted to 
Autosyn. 





Two external rotor rings. 
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Eclipse-Pioneer Division 


Teterboro, N. J. 
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Section of department making stators for Bendix synchros and motors 


SHOP AT THE BENDIX “SUPERMARKET” 
TO TAKE ADVANTAGE OF 
MASS SYNCHRO PRODUCTION FACILITIES 


2-8 
ty ee x. % 


Fast delivery of practically any type syn- 
chro at minimum cost. Isn’t that what you 
want from your synchro supplier? 

If so, consider how well Bendix fills the 
bill. First, as a virtual “supermarket” for 
synchros, we maintain mass production 
that means minimum unit prices, even to 
small-quantity buyers. Second, we produce 
virtually all types of synchros as standard 
items, meaning you can get delivery fast 
—immediately, in most cases. 

Finally, Bendix synchros are built to 
exacting precision standards that equal 

. or exceed . . . those of any other 
synchros made. 

Let our vast experience and mass pro- 
duction facilities go to work on your 
synchro needs, too! 

District Offices: Burbank, Calif., Dayton, Ohio, Seattle, Wash. 


Export Sales and Service: Bendix International Division, 205 E. 42nd 
St., New York 17,N. Y 


Gondix” 


AVIATION CORPORATION 














Lit-Bits—Continued 


High Frequency 
Autotransformers 


Since variable transformers are a necessary com 





ponent in many control systems, a complete standard 
line of POWERSTAT variable transformers for high 
frequency use is offered. Most standard POWER- 
STATS designed for 60-cycle duty can be operated 
satisfactorily at frequencies of 400 cps and higher. 


OUTPUT VOLTAGE IN VOLTS 





LOAD CURRENT IN asrenes 
FIGURE A 
OUTPUT VOLTAGE VS. LOAD 





| 


| 









"M720 VOLT TYPE. POWERSTAT. 
A VARIABLE TRANSFORMER 
r) 
0-28 VOLT  94/X60_ 
OUTPUT OUTPUT 
‘ Hi 





- 


| 
Circuit Diagram for TYPE 1RHSO3UK and TYPE 1RHSO3US 


However, when weight and space is a factor, POWER- 
STATS specifically designed for 400-cycle service will 
perform the same task as a comparably rated 60-cycle 
POWERSTAT, but will weigh only one-third as much 
and occupy only one-half the cubic space. 

POWERSTAT variable transformers are autotrans- 
formers of toroidal core design with a movable-brush 
tap. Rotation of the brush tap by manual or motor- 
driven means produces a continuously-adjustable out- 
put voltage from a-c power sources. (From new 28- 
page Bulletin P 257H that provides ratings, photos, 
dimension and circuit drawings and descriptions, The 
Superior Electric Company, Dept. 257, 83 Laurel St., 
Bristol, Conn.) 
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“Moon” or Missile? 


Guided-missile tracking equipment requires an inti- 
mate combination of optics, electronics, and mech- 
anics in integrated optical system. One such system, the 
Telescopic Photographic Recorder (TPR), is a trans- 
portable recording single-telescope instrument designed 
to visually track and record the flight of missiles, jet 
aircraft, and all types of airborne objects. As part of 
a missile-tracking network, it affords complete and 


| accurate information on missile velocity, acceleration, 
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OBJECT 2"' x 4" can be photographed while at 
4-mile altitude. 


spin rates, attitude, and spatial position. In addition, 
it provides a photographic record of the missile and 
angular data (space coordinates) and correlated time 
data on film. The TPR has unlimited azimuth rotation 
and an elevation of 100°, from 10° below the horizon 





to 90° at zenith. (From 16-page Brochure “Optical 
Tracking Instruments” by Perkin-Elmer Corp., Nor- 
walk, Conn.) 
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Pyroceram 


Pyroceram is the name given by Corning Glass 
Works to extremely hard, fine-grained crystalline 
jmaterials formed from special glasses. Since the size, 
\lensity and chemical composition of its crystals can 
be controlled, properties of Pyroceram can be tailored 
: meet specific requirements. 





MISSILE RADOMES made from Pyroceram, be- 
fore and after the heat treatment that induces 
crystal growth, turns material from transparent non- 
crystalline into opaque crystalline. 


Possessing a high ratio of strength to weight, 
Pyroceram Code 8605 has a modulus of rupture 
flexural strength) of 37,000 psi. There is very little 
oss of strength at temperatures up to 700°C (1300°F). 
Deformation temperatures range up to 1350°C (24- 
°F). In comparative diamond indentation tests it 
as been found harder than flint, granite or hardened 
igh-carbon steel (65 Rockwell C), but not as hard 
s sapphire. (From new 4-page bulletin, Corning Glass 
‘orks, Corning, N. Y.) 


For this literature circle 109 on inquiry card. 





July-August, 1957 














simple pinboard programming makes the difference... 


...@ big reason why more E101’s are at work 
than all other small electronic digital 
computers combined! Solves problems between 
the scope of desk calculators and costly 
“electronic brains”... at such low cost, and 

so handily, that priceless technical man-hours 
are saved. E101 digital computers can be 
delivered quickly ...instantly available for 
low-cost technical computation. For proof, 
send us one of your problems or ask for a 
demonstration. For descriptive booklet, write: 


ElectroData 


Division of Burroughs Corporation 
with world-wide sales and service facilities 
460 Sierra Madre Villa, Pasadena, California 








For more information circle 19 on inquiry card. 


199 








SERVOS 


In the preceding discussion, the exten- 
sive use of servos in aircraft, marine, and 
land based equipment was emphasized. 
Now we examine how a servo operates. 


SIMPLE servo system is needed in the gyro-pilot or 


“Iron-Mike” of a ship. In order to understand this 
mechanism, which functionally replaces the helmsman, 
let us first analyze the actions of the human helmsman 
who is ordered to steer a certain compass course, say 
000° true. Looking at the compass he notes that 
the ship’s head is reading—say, 020° true. As this 
is farther to the right than he should steer, he “ports 
his helm” by turning the wheel counter-clockwise 
causing the rudder to swing left, and the ship slowly 
changes course to the left until it is on bearing 000°. 
If he doesn’t change the rudder angle at this point, 
the bow of the ship will continue to swing left until an 
error exists in the other direction, when the helms- 
man must steer “hard right” to correct the swing of 
the ship to port. In fact, an inexpert helmsman can 
soon have a ship weaving a serpentine path through 
the seas. The trick, of course, is to ease off the rudder 
as the ship nears the correct bearing. 

Now let’s design a simple servomechanism to re- 
place the helmsman. First, the sensing element for a 
simple form of “Iron Mike” autopilot can be a com- 
pass needle that moves the arm of the potentiometer 
as shown in Fig. 1. A second potentiometer is attached 
to the rudder to sense rudder angle. If the ship 
is carried off the correct heading by wind or current. 
the needle swings to one side as in Fig. 2. Current will 
flow from point E to B through the steering motor 
which turns until the rudder is in position 2. This 
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Lubber 
Line 














FIG. 1. SHIP'S AUTOMATIC pilot is a simple servo 


system. 


causes the ship to start changing its heading and the 
compass needle slowly swings back to its center posi- 
tion. As it does, point B becomes positive with respect 
to E, and the steering motor slowly turns the rudder 
back amidships, bringing the ship to the correct 
heading. 

In an actual ship installation, a gyro-compass re- 
peater would be used instead of the north-pointing 
needle of a magnetic compass, and a powerful ampli- 
fier would be used to magnify the weak signal current 
produced by the unbalance between the two potenti- 
ometers. Also a pair of synchros can be used in- 
stead of potentiometers to develop the error signal. 
However, any servomechanism will employ the same 
principles as we have illustrated above and will in- 
volve: (a) Sensing an error, (b) amplifying the 
error signal, (c) applying the amplified error signal 
to an actuator which corrects the error, and (d) 
feedback of position information. These elements are 
shown in Fig. 3 in schematic symbols. 


Servo Response 


The servo system shown in Fig. 3 consists of 
an input device (in this case a turning shaft) con- 
nected through a differential which indicates the error 
or difference between output and input (in this case 
angles). The amplifier and motor combination pro- 
duces a torque that is directly proportional to the 
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produces rudder-angle change to correct heading 
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FIG. 3. SCHEMATIC of servo system 


error. That is, T = KE. 

The friction device shown represents all types of 
viscous friction in the system, including certain re- 
sistances, magnetic drag, and all other frictions which 
are directly proportional to speed. (Static friction or 
“stiction,” which resists starting, is ignored in this 
consideration. ) 

By definition, an error angle E will produce a 
torque KE. This torque (produced by the amplifier 
and motor) must exactly equal the retarding forces 
due to inertia and viscous friction. 


The inertia force is J d?6)/dt?. 
The viscous friction drag is F d@o/dt. 
Therefore, 
KE — Jd?6, ‘dt? a F dA ‘dt (1) 


If we wish to express this equation in terms of in- 
put and error (6; and E), as is customary, we can use 
the relation: 








E — 6; — 66 
or 
A = 6; —FE (2) 
and substituting in equation (1) we have 
ee 2 ~~) Sr 
dt? dt? dt dt 
or 
ae ee ee ee 
dt? dt dt* dt 
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This basic equation defines the response of a closed- 
loop servo system having inertia (J), viscous friction 


(F), and position-type feedback (6; — 4.) 


Transient Response to Step Change in Position 

If a sudden change in position angle is imparted to 
the input 
t<0,6,— 4, 
t= 0, 6, = 02 

This says simply that the input shaft is suddenly 
changed from position 6, to position 6. At all times, 
except for a negligible region where t = 0 the con- 
stant angular velocity of the shaft is effectively zero 
—that is, the shaft is not rotating continuously. As 
dé,/dt and d?6;/dt? are zero, equation 3 becomes 

J = +2 — ee (4) 
dt? dt 

Equation (4) gives the response of the system to a 
step change in input position—that is, the transient 
response. 


but at time 





This differential equation has as its solution the 
exponential function . 

Ey = Ae* (5) 
where Ey is the transient error and « is the base of 
natural logarithms, and A and p are are constants. 
The first and second derivitives of this function are 
dE,/dt = pAe*, and d?Ey/dt? — p?Ae" 


Substituting in (4), the solution of equation (4) is: 
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J p*Ae" + F pAe"* + K Ae" = 0 (6) 
or 
Ae" (Jp? + Fp + K) = 0 
As the quantity in parenthesis must be equal to 0: 
Jp? + Fp+K=0 


The roots of this quadratic equation give p: 


F F? K 
Pr _—_—_— ——— (ae see (a) 
2) V 4j° J 
and 
I |F K 
Pe — = « > — —- (8) 


2J V 4j° J 
From these values, two solutions for Ey are obtained: 
Er; — Aye?! (9) 
Ere — Ave? s' ( 10) 
which are added to produce the general solution: 


6. = Aye"; ' + Ane? s! (11) 


Depending on the values of F, K, and J, the quantity 
under the radical in (7) and (8) may be positive, 
negative or zero. If positive, it can be shown that the 
system is overdamped or sluggish in response. This 
is an undesirable characteristic for most servo appli- 
cations. If negative, the system will tend to go into 
oscillation, with a natural frequency (radians/sec) of 

F, = VK/JJ (12) 

If the quantity under the radical (equation 7 or 8) 
is zero, the system is said to be critically damped; 
that is, the error will approach a steady state value 
without oscillation or hunting. The value of output 
damping F, at which the system is critically damped is 


F.=2VKJ (13) 


The discussion of the transient conditions has been 
considered independent of any continuous velocity of 
input rotation, because servos often function through 
changes of position only. Furthermore, the transient 
characteristics of any servo are independent of the 
constant input velocity, being dependent solely on the 
parameters J, F, and K. 


Step Change in Velocity 
In certain servo applications a sudden change in in- 
put velocity (rather than a change in angular posi- 
tion) is imparted to the system. If the input 6; is 

initially at position 6, and at zero velocity, 

°¢<G 4=—h, o=9 
but 

t = 0, 6; =6,; + wit, o = ow (aconstant) (14) 
the output cannot follow the input exactly. Instead an 
initial period in which the transient response is domi- 
nant will quickly change into a steady state condition 
as the transient response fades out. Neither the tran- 
sient, the steady state response, nor their momentary 
combination will be exactly like the input. Substituting 


the values of equation (14) in (3) we have 


} =A 1F - +KE 
dt? at 
SS 4 Se eee ae 
dt? dt? dt dt 


Since 6; is a constant, the first and third terms on the 
right are zero. Also, for constant angular velocity ;, 


A(w t) /dt = o, and d*(ot)/dt? = 0. Equation 15 
then reduces to 
d?E , dE = " 
J “ie + I dE + KE — I @i (16) 
dt? dt 


Steady-State Error Angle 

In a critically damped servo (Fig. 4) the output 
velocity eventually becomes equivalent to the input 
velocity, although a difference E in phase angle be- 
tween 6; and @, remains as long as » remains constant. 
When E is constant both the first and second terms 
of the left-hand member (Eq. 16) reduce to zero, leav- 
ing: 

KE = Fo, 

E = Fo,/K (18) 
which defines the steady-state error angle as being de- 
termined by the viscous friction, the input velocity, 
and the amplification constant, Note that this is true 
only when o; is constant, after the transient error has 
vanished, The value of F. for critical damping has 
been given by equation (13). 

The undamped condition of the servomechanism 
with a step change in rotational velocity is shown in 
Fig. 5, which shows the natural oscillation frequency 
of the system (equation 12) superimposed on the 
input velocity ;. The oscillation drives the output 
position 6, alternately ahead of and behind 6, in posi- 
tion. The amplitude A, of the oscillation is: 


A, = o/VK/J (19) 
Underdamped System 


The undamped and critically-damped conditions are 
limits between which the practical servo system is 
often operated as an underdamped system. In many 
applications where a large steady-state error cannot 
be tolerated, but where a damped oscillation re- 
sulting from sudden changes in input speed does not 
lead to serious complications, a value of F somewhat 
less than F, is used as a compromise. The damping 
ratio c is then the ratio between the actual friction F 
and the value Fc needed to provide critical damping or 


c= F ore en (20) 


F. 2V KJ 

The foregoing has considered some of the param- 
eters of a simple servomechanism relying on viscous 
damping to reduce oscillation. This type of damping 
produces a steady-state error which is undesirable in 
high-accuracy applications, such as fire-control servos. 
However a more sophisticated form of damping is 
possible called error-rate damping, as well as non- 
frictional forms of viscous damping, which will be 
explained in forthcoming articles of this series. 











TOUCH-DOWN STRAIN PROVES LAB TESTS 





OK 


Goodyear Tire and Rubber Co. 


Wheel and Brake Div. 


ONDED resistance-wire strain gages were used 
B recently to measure both strain distribution and 

all of the pure component loads that produce 
the strains in a double-purpose test of aircraft-landing- 
gear structural parts and design specifications. 

This method was devised in order to take the tests 
out of the laboratory and permit extensive strain meas- 
urements in a landing gear under loads produced by 
actual take-offs, landings and other ground maneu- 
vers under normal and extreme conditions. All loads 
and strains were recorded by a 12-channel oscillo- 
graph, which, along with accessories, could be carried 
in the airplane (Fig. 1). 

The main problem solved before making the flight 
tests was how to make the selective measurement of 
the four component loads—radial, side, drag, and 
caster (Fig. 2). Although caster load is not important 
to ordinary wheels it was included for cross-wind 
wheels. In addition, brake loads were measured. Tests 
were made on the left gear only of a tail-wheel type 
D18S Beech aircraft with 11.00-12 wheels and fork 
type gear. 

Two procedures were employed to make sure that 
the Baldwin SR-4 resistance-wire strain gage trans- 
ducers would measure the applied loads accurately. 
The first was to choose the locations for the gages by 
use of stresscoat, a strain indicating coating. This 
showed the location, direction, and magnitude of the 
maximum strains resulting from applied loads. 

The second procedure (after bonding the gages at 
the selected strain points on the landing gear) was to 
find the proper combinations of gages in Wheatstone- 
bridge circuits so that only pure component loads 
would be measured and the strains introduced by loads 
other than the one being measured would be cancelled 
out. 

Only one bridge circuit was found that would meas- 
ure radial load with sufficient sensitivity. It comprised 
four resistance-wire strain gages on the vertical parts 
of the fork. Although the sensitivity was not high (350 
micro-inches per inch per G), the output was linear 
from 0 to 4.5 G’s. Two satisfactory bridges were found 
for each of the other loads—side, drag, and caster. 
Each included four selected SR-4 strain gages bonded 
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on the fork. All bridge circuits were made self tem- 
perature-compensating. 

Since radial load is probably the most important of 
the loads measured, other transducers for measuring 
radial load were also developed and flight tested. The 
most convenient transducer of this type was a resis- 
tance-wire strain gage pressure cell connected to the 
inflating inlet of the oleo system, because it provided 
for recording pressure changes in the same way as 
load and strain sensing gages. The pressure gage used 
was merely an aluminum tube closed at one end, with 
two strain gages on the outside wall to measure the 
swell of the tube. As a substitute for this pressure cell 
two other resistance-wire strain gages were bonded to 
the outside of the steel oleo cylinder itself. 

Another radial load transducer measured the in- 
and-out motion of the oleo piston. A rheostat (Helipot) 
was attached to a pin of the scissors linkage and ro- 
tated by one arm of the scissors as the piston moved in 
and out. 

Tire pressure also was used as a measure of radial 
load and required development of a special diaphragm. 
This was a pressure-sensitive Durez diaphragm in- 
stalled between the tube well of the wheel and the 
inner tube. The resulting pressure cell had a sensitivity 
four to five times that possible with a diaphragm of 
aluminum. 

A strain gage pressure cell similar to that used on 
the oleo was used to measure brake pressure. Seven 
copper-mercury rotating connections were developed 
because strain gages on the wheel would be rotating. 
A contactor on the commutator sensed each wheel 
revolution so that rpm and wheel position during peak 
strain also would be recorded. Eleven strain gages 
were attached to the brake and 58 gages on the wheel 
for these strain measurements. 

All flight test records were made by oscillograph 
using six channels for loads and six for strains. A 
movie camera trained on the flight instruments was 
synchronized with the oscillograph. 

The tests proved laboratory test requirements are 
much,greater than the loads which actually occur in 
flight service and confirmed the belief that the labora- 
tory is a satisfactory proving ground. 





Fig. 1. Flight tests of landing gear loads and stresses 
require a 12-channel S-12A Hathaway oscillograph, 
switching equipment (two 6-channel Hathaway Model 
MRC-12) for more than 100 Baldwin SR-4 strain gages, 
and a 16 mm Cine Kodak Special movie camera 
trained on flight instruments. 


Fig. 2. Resistance wire strain gages on this landing 
gear measure both operating strains and the compo- 
nent loads that produce them. 
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Fig. 1. NAVIGATOR is powered by two 200 hp 
Cummins Diesels and one 170 hp Caterpillar 
Diesel. Engine room also contains a 10 kw d-c 
generator, a 3 kw a-c generator and a |0kw 
shaft generator. 


Floating Test Lab 


93-foot triple-screw “NAVIGATOR” (Fig. 
1), is being used by Belock Instrument Corp. 
as a floating laboratory and demonstration 

vessel for advanced electronic navigational aids. 
On board is a complete gyro-compass system 
with repeater compasses, a magnetic compass sys- 
tem with Tele-Transmission to repeater compasses, 
radar and the Belock “Auto-Navigation” system 
consisting of a Dead Reckoning Analyzer and Loran 


ing | (Fig. 2). Other equipment includes a radio direc- 
0- F tion finder, electric steering stand with gyro-com- 


NG 


ATO 


pass repeater, magnetic steering compass, ship-to- 
shore radio telephone and several new devices cur- 
rently under development. 






Fig. 2. Wheelhouse looking aft. In foreground is 
stand containing master magnetic compass and 
the Tele-Transmission system which transmits its 
readings to repeaters. At the right of the master 
magnetic compass stand is the magnetic com- 
pass system's meter panel. Directly over the 
meter panel is the bracket-mounted magnetic 
compass repeater, used here as a bulkhead re- 
peater. Directly behind the master magnetic 
compass stand are the two units of the Belock 
"Auto-Navigation" system. The unit on the left 
is the new Dead Reckoning Analyzer, which auto- 
matically provides direct readings of ship's lati- 
tude and longitude from inputs of initial position, 
speed and course. On its right is the Loran unit. 
Left of the "DRA" unit is the course recorder 
which operates as a unit of the Gyro-Compass 
system. To the left of the course recorder is a 
depth recorder. 


For more information on Belock Navigational Instruments 
Circle 207 on inquiry card. 
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STRAND BURNER 
AMINCO STRAND BURNER measures burning rates 


of explosives and solid propellants to the closest 

01 second. Sample strands are burned in nitrogen 
under high pressure, ranging from 2,000 to 19,000 psi, 
depending upon which of the four available models 

is used. Other models for pressures up to 100,000 psi 
are available on special order. 


EXTREME PRESSURE GAGE 
AMINCO EXTREME PRESSURE GAGE is a unique, 


time-proven direct reading gage that offers extreme 
accuracy and maximum safety features. It is fitted 
with a dial face marked with 100 divisions; accurate 
readings can be made to the closest division, 

each of which represents 1,000 psi. Estimates can be 
made to closest quarter division or 250 psi. Should the 
gage accidentally be overloaded to the point of 
bursting, the back absorbs the energy and ensures 

the operator’s safety. 


MICRO, HIGH-PRESSURE SHAKING ASSEMBLIES 
AMINCO MICRO, HIGH-PRESSURE SHAKING ASSEMBLIES 


are used for hydrogenation and other high pressure studies. 

The shaking assembly illustrated includes a reaction vessel, 

a heating jacket, motor, single-pedestal shaking mechanism, 
pressure gage, connecting spiral to the reaction vessel, and the 
necessary valves and fittings. Shaking assemblies are available in 
2 9/16-in. o. d. micro series; 4 3/8-in. 0. d. series; 

and 6 7/8-in. o. d. series. 


“ERMETO”’-TYPE, QUICK CONNECT VALVES & FITTINGS 
AMINCO “ERMETO”-TYPE, QUICK CONNECT VALVES & 


FITTINGS give fast assembly of high pressure set-ups to 10,000 psi. 


No threading or beveling is required. With proper care, these 
joints can be made and broken many times without impairing the 


efficiency of the joints. Complete line of valves, fittings, line filters 


and blow-out assemblies are offered for two sizes of openings: 
3/8” and 1/4” diameters. Aminco “Ermeto”-type valves are 


equipped with locking devices to prevent the accidental unscrewing 


of packing glands. 


Write for Our NEW 
Super Pressure Catalog 407- D-2 
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EXTREME PRESSURE GAGE 
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For more information circle 20 on inquiry card. 
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of! Qi. compact, portable, self- 


contained low wattage variable transformer 























On-off switch in input is readily 
accessible. 


Se 8 Oe 





7] Fast, accurate readings pro- 
de vided by well-defined dial 


9% e 
-_ gradvations. 
—. 
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"e Uncluttered work surface made 


> possible by new combination 
plug and receptacle... keeps 
output wires away from con- 
trol point. 


1.0 ampere, 125 VAC fuse in 
output brush lead is housed in 
plug-receptacle. Easily re- 
placed. 


/e@@e0028088 08 ee 8 @ 


Compact, light-weight, port- 
able assembly. Only 312” 
high, 342” diameter. 


<= 


INPUT: 120 volts, 60 cycles, single phase 
OUTPUT: 0-132 volts, 1.0 amperes, 132 VA 


Like all POWERSTATS, it is a toroidal wound auto- 
transformer with a movable brush-tap. It produces 
continuously-adjustable output voltage from a-c 
power sources with maximum efficiency. It runs cool. 
You only pay for the power you use. Size: 34” high, 
3%” diameter. Send coupon for more facts. 


ae KOS Ta 


variable transformer Type 2PF1IO 





You’ll find POWERSTAT type 2PF10 is ideal for 
laboratory, inspection, classroom and many other 
uses where low wattages of 50, 100 and 130 watts are 
required. Use it as the voltage control of small motors, 
heaters, centrifuges, mixers and test apparatus... 
as the control of light sources in optical equipment. 


a precision product of 


THE SUPERIOR ELECTRIC company 


2308 Bradley Avenue, Bristol, Connecticut 


Please send data sheet on POWERSTAT type 2PF10 (1) 
Send POWERSTAT Bulletin showing all types (] 
Have your representative call () 


¥ 
Be sure to see | 
SUPERIOR ELECTRIC'S 
| 

l 


Mobile Display 
when it is in your area 





’ 
Offices: Los Angeles, Californio + San I eee ee a ee Ce ee ee ee ee eee ee ee ee ee 
Francisco, California * Toronto, Ontario, j Name..........-.- 0-000 e0 ee: 
Canada * Miami, Florida * Chicago, Illinois 
Baltimore, Maryland * Detroit, Michigan | I ia cee AG (ek ean SASS +. AES SE SEEP ESSERE EOL ODER ROS ORER DS 
New York, New York ¢ Cleveland, Ohio ] ” 

Dallas, Texas + Seattle, Washington | ERE hs hee tne Re ee eae ae A eeu coe tains, Sa a eNal ger is Elly ohn dS ales Od 

| Ce re ee eer err ere ao ee rare eae I +s ES knndeeeesdeeee 


For more information circle 21 on inquiry card. 
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RADAR RESTITUTOR 
MAKES MAPS 
FROM RADAR DISPLAYS 


SING RADAR for either mapping or charting 

U of selected targets or entire areas depends on 

restitution of the available intelligence to elimi. 

nate distortion. A device that automatically perform: 

this restitution has been introduced by Fairchild Cam. 
era and Instrument Corp. 

Radar measures the time it takes for a burst of elec. 
tromagnetic waves to go from the ranging station to 
a target and return. This echo time is directly related 
to the distance of the target from the radar set. When 
the radar is airborne and at some altitude, the range 
displayed on the indicator will be the distance (slant 
range) from the ground target to the aircraft. Fo 
mapping purposes it is necessary to know the ground 
range of the target from the nadir point (direct 
below aircraft). This conversion is slant-to-ground 
range correction. 

Echoes from targets located directly underneath 
the aircraft at the nadir point will be received after 
a finite interval of time, corresponding to the time 
it takes light to travel from the aircraft to the nadir 
point and back. The radar indicator displays a target 
at a distance from the center of the cathode-ray tube 
which is proportional to this echo time. The nadir 
point will thus be displayed at a finite distance from 
the screen center. As the antenna makes a complete 
circular scan, the cathode-ray tube will show the nadir 
point as a circle of a certain radius. This circle is 
often termed the altitude hole. A time delay is some 
times introduced into the cathode-ray sweep circuit 
so that the altitude hole will be contracted to a point 
and the nadir will be displayed at the center of the 
presentation. Introducing a time delay converts targe! 
positions from slant range to ground range for small 
values of ground range, but distorts the position of tar 
gets having larger ground-range positions. This i: 
sweep delay distortion. 

Another error in airborne radar displays is due to 
the fact that the radar ranging station is moving, but 
the visual presentation of echoes ignores this motion 
that is significant for a full 360° scan. 

If the echoes are positioned at a distance from the 
display center which is not proportional to the echo 
time, then a further distortion will result. This woul 
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geerally be caused by the fact that the velocity of the 
electron beam across the cathode-ray tube screen is not 
un form. 

When the cathode-ray tube display is photographed, 
two more distortions occur. First, the tube face is 
curved and the camera lens will project it onto a flat 
film, thus distorting the geometrical relationship. Sec- 











Radar PPI photograph is placed in restituting 
chamber. Film cassette above will record the 
same image, but it will be free of the distortions 
from slant range, sweep delay and plane motion 
during one scan. 


ond, the camera lens itself does a little distorting. 

The radar presentation restitutor corrects for the 
following distortions: (a) Distortion due to the re- 
cording of the slant range, (b) distortion due to sweep 
delay and (c) distortion due to plane motion during 
one scan. 

Provision also has been made to introduce correc- 
tions for: (d) Distortions due to non-linear electronic 
sweep, (e) lens distortion, and (f) curvature of cath- 
ode-ray tube, or any other, range distortion. 

Distortions a, b, and c are computed and corrected 
automatically with no computations required of the 
operator. 

Test results have shown the accuracy of the restitu- 
tor to be well within 4 parts per thousand. The equip- 
ment qualifies well for field use by unskilled opera- 
tors, since no computations are required and the equip- 
ment is operable under ambient light conditions. The 
present design is capable of being extended to correct 
for “tilt” distortion. 


For information on Fairchild Radar Restitution circle 204 on inquiry card. 
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THE DECKER MODEL 104-1 ROTOR BEAR- 
ING MICROMETER provides a positive and accu- 
rate means of measuring effective bearing preload 
...4 prime factor in rotor performance. 


Accurately measuring axial movements to known 
standards, the micrometer simplifies one of the most 
difficult jobs in rotor assembly . . . obtaining pre- 


Complete information on this unique new instrument is in Data Sheet 
104-1, available upon request to the 


rotor bearing preload micrometer 


measures effective gyro rotor 
bearing preload without 
Physical contact 


Eliminates need for coast time and acceleration tests. 
Unaffected by bearing lubricant. 

Amazingly compact and portable. 

Rugged construction for production line service. 
Sensitivities as high as .000005 inch per division. 


scribed bearing preload. Benefits gained include a re- 
duction in rotor assembly time...less need for skilled 
labor ... no chance of bearing damage during run-in 
... and fewer rejections due to improper preload. 


Simple adapter assemblies quickly convert the 
unit for handling many types of rotors, ranging in 
size from less than 44” diameter to 314” diameter. 


Technical Literature Section. 





DECKER AVIATION CORPORATION 
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Philadelphia, 25 
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For more information circle 22 on inquiry card. 
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FIG. 2. DETAIL OF READING elements in 
RCA 6866 Storage Tube. 
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= CHARACTER 
CAARACTER MATROX 


SELECTION PLATES 





COMPENSATION PLATES 


FIG. 4. TYPOTRON COMBINES matrix- 
shaped characters, electrostatically posi- 
tioned, with storage capability. (Courtesy 
Hughes Products) 
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p= VIEWING SCREEN 
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FIG. 5. MEMOTRON DIRECT display stor- 
age tube permits retention of transient 
waveforms until intentionally erased. (Cour- 
tesy Hughes Products) 
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fe ABILITY to freeze microsecond transients 
for the length of time necessary to measure or 
photograph them is often desirable. The RCA 6866 is 
explained in some detail to explain the basic principle 
of storage tube operation also used in modified forms 
by certain other display systems. 


RCA 6866 


The RCA 6866 storage tube is a 5-inch display stor- 
age tube designed for applications where a bright non- 
flickering display of stored information is desired for 
about 60 seconds after writing has ceased, Perform- 
ance of the 6866 when operated with 10,000 volts on 
the screen is characterized by a 4”-diameter display 
having brightness of 2750 foot-lamberts; good resolu- 
tion capability in half-tone displays; and a writing 
speed of about 300,000 inches per second—a speed 
sufficiently fast to freeze microsecond transients for 
the time necessary to examine, measure, or photograph 
them. 

The 6866 uses two electron guns, a writing gun with 
electrostatic focusing and deflection, and a viewing 
gun which floods the electrodes controlling the storage 
function and the brightness of the display with a rel- 
atively low-velocity, unfocused shower of electrons. 
Construction of the storage tube is shown schematically 
in Fig. 1. A close-up of the reading elements near 
the screen is seen in Fig. 2. The phosphor-covered 
inner surface of the screen, at far left, is charged to 
a positive 10-kv with respect to the viewing-gun cath- 
ode. Next to the screen is a metallic fine-screen mesh 
called the backing electrode, normally charged to +-5 
volts with respect to the viewing-gun cathode. A thin 
coating of insulating material is deposited on the 
side of the backing electrode facing the writing 
cathode. This deposit is the storage grid. Each element 
of the storage grid receives or loses its charge by 
gaining or losing electrons as a result of the scanning 
action of the writing beam and not by conduction, as 
do the other grids. A short distance to the right of 
the storage grid is another wire screen, called grid 4, 
which serves among other functions to accelerate the 
electrons in the writing beam. Grid 3 in the viewing 
section collimates (makes parallel) the paths of the 
electrons in the viewing stream before they reach grid 
4 so that they will approach the storage grid in paths 
perpendicular to the plane of the storage grid. 


The writing-beam gun is similar to a conventional 
cathode-ray-tube gun with electrostatic focusing and 
deflecting electrodes, and produces a well-defined fo- 
cused beam with an exceptionally small effective area 
at the storage grid. The purpose of the writing beam 
is to control the charge on the storage grid. The cath- 
ode of the writing gun is usually from 1.5 to 2.5 kv 
negative with respect to the viewing-gun cathode. 

The storage grid serves to control the viewing beam 
so that stored information can be displayed on the 
screen, Its control action is similar to that of the grid 
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in a negative-grid triode. With the storage grid at zero 
potential, most of the viewing-beam electrons are ac- 
celerated through the storage grid and backing elec- 
trode, strike the screen, and cause it to fluoresce 
brightly over its entire area. The current to the screen 
can be cut-off as a result of pulsing the backing elec- 
trode positive above its usual positive dc operating 
potential. At the conclusion of the pulse, having a 
duration of about 100 milliseconds, all elements of 
the storage grid are left with a negative potential 
nearly equal in value to the amplitude of the applied 
positive pulse. This negative potential cuts off the 
screen current. Under cutoff conditions, viewing elec- 
trons are turned aside to be captured by grid 4. 

After the viewing-beam current has reached normal 
value, the writing beam is activiated. This high-speed 
sharply focused beam is made to scan the elements 
of the storage grid. The electrons which land on the 
storage grid produce secondary emission at the stor- 
age grid (Fig. 3). This means that more electrons 
leave the storage grid than arrive. Those elements 
on the storage grid scanned by the beam assume a 
less-negative charge wherever the writing beam strikes. 
The potential of any storage element determines the 
number of viewing-beam electrons passing through 
the storage grid in the immediate vicinity of that 
element. (A less negative potential tends to increase 
that number.) When the potential is such as to allow 
passage of electrons, these electrons are accelerated 
and strike the screen directly opposite the storage 
element producing a luminous spot. A charge pattern 
established by the writing gun on the storage grid 
produces a corresponding visible pattern on the screen 
which may be observed for a period up to about one 
minute after writing has ceased. 

Viewing duration of the display after the writing 
has ceased is limited by the presence of positive ions 
produced by collision of electrons in the viewing beam 
with residual traces of gas in the region between the 
screen and grid No. 4. These positive ions are attracted 
to the most negative elements of the storage grid. On 
landing, they cause an increased flow of viewing-beam 
electrons to the screen. The limit of viewing duration, 
therefore, is determined by loss of contrast in the 
viewed pattern. 

The stored pattern is erased by applying to the 
backing electrode a positive pulse or series of pulses. 
The RCA 6866 tube is in quantity production. 


Hughes Memory Tubes 


The Hughes Products Co. Typotron® character dis- 
play-storage tube (Fig. 4) combines the shaped-beam 
features of the Charactron tube, using the McNaney 
character matrix (but with electrostatic positioning) 
with a storage principle similar to that previously de- 
scribed for the RCA 6866. The Typotron is 5 3/8” in 
diameter, and its storage ability enhances its applica- 
tion to low-speed photographic-recording applications. 


Hughes also produces the Tonotron® storage tube 
(designed for retaining half-tone images) and the 
Memotron® direct display storage tube in which one 
or several transients can be retained until intentionally 
erased. 

This erasing feature is made possible by an ad- 
ditional ion repeller mesh behind the viewing screen 
(Fig. 5). A dielectric-coated storage mesh retains a 
charge pattern whereever it is struck by the writing 
beam. A positive-charged secondary-electron mesh 
(directly behind the storage mesh) collects secondary 
electrons, preventing them from neutralizing the charge 
on the storage mesh. The stored image, achieved by 
the secondary emission characteristics of the storage 
mesh, is continuously reproduced and visually dis- 
played on the phosphor-coated tube face by a low- 
velocity beam of electrons from the flood gun. The 
flood electrons are emitted through the charged areas 
and receive additional energy from the post-accelerat- 
ing potential applied to the viewing screen. The image 
is erased by momentarily lowering the secondary- col- 
lector voltage, thus permitting the electrons which were 
retained at the collector mesh to neutralize the positive 
or “written” portions of the storage dielectric. 
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FIG. 6. INTEC PICTURE transformer writes radar in- 
formation with one beam, reads it off as TV informa- 
tion with second beam, permits combination of radar 
and graphic air-traffic control symbols. (Courtesy In- 
tercontinental Electronics Corp.) 
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Picture Transformer 


Intercontinental Electronics Corporation (INTEC) 
of Mineola, New York, has demonstrated its Picture 
Transformer system (Fig. 6) at the CAA Technical 
Development Center, Indianapolis. This converts radar 
information into television signals that can be dis- 
played and transmitted with conventional television 
techniques. This permits aircraft identity information 
to be added to a radar display. 
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ON NORMAL RADAR DISPLAY, AIRCRAFT ARE AIRCRAFT TRACKS APPEAR DISTINCTLY 
DIFFICULT TO DISTINGUISH FROM CLUTTER WITH USE OF “PICTURE TRANSFORMER" 


FIG. 7. AIRCRAFT TRACKS on display at right are improved by action of 
INTEC picture transformer. 
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FIG. 8. IATRON STORAGE Tube schematic (Courtesy Farnsworth Electron- 
ics Co.) 
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FIG. 9. OK 464 RECORDING Tube (Courtesy Raytheon Mfg. Co.) 
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The Picture Transformer System was invented and 
developed by French engineers of the Compagnie 
Generale de Telegraphie Sans Fil (CSF). The trans- 
former tube is said to be a two-gun memory tube that 
writes information with one electron beam (radar in- 
formation) on an internal storage surface and in- 
dependently reads the information from the surface 
with the other beam (television information). Unique 
advantages claimed are its high resolution capability. 
its controllable memory, the improved freedom from 
interference effects, and the broad contrast range in 
the picture it produces (Fig. 7). 


latron 

The Farnsworth 5” Iatron storage tube (Fig. 8) is 
similar in principle to the RCA 6866, described nre- 
viously. In the lIatron, partial erasure uses pulses 
between 1 and 2 milliseconds in duration repeated 60 
times per second to permit bright-trace continuous-line 
oscilloscope study of low-speed transients. The Iatron 
is available for distribution by the Farnsworth Elec- 
tronics Co., Fort Wayne, Ind., a division of the In- 
ternational Telephone and Telegraph Corporation. 


Digitron 

The American Machine & Foundry Co, Digitron 
display equipment (demonstrated at the 1957 IRE Na- 
tional Conference in New York) presents a rectangular 
raster (display grid) of 24 horizontal and 16 vertical 
characters. The Digitron equipment uses a beam-writ- 
ing technique to produce a page-printing format on 
a 19” Dumont type K 1202-P12 cathode ray tube, 
which uses conventional magnetic and electrostatic de- 
flection elements, Character-tracing wave forms are 
generated by the character stroke generator unit in 
response to a program of impulses set up in the pro- 
gram control unit and the character selection unit 
which are parts of the Digitron character generator 


oercection circuit. Waveforms for the character “Q” are shown in 


Fig. 11. Alpha-numeric symbols display any desired 
message within the 384-character raster—rather than 
geographically referenced plan-position presentation of 
target symbols (Fig. 10.) 


Raytheon Tube 


The Raytheon QK464 Recording tube is a storage 
tube which does not furnish a direct image, but pro- 
vides a signal output to be viewed on a separate radar 
or television tube (Fig. 9). The storage coating on 
the storage screen mesh is similar to that described 
for the RCA 6866. However. a single electron gun is 
used to scan the storage mesh when reading as well 
as when writing. The electron beam during “read” is 
modulated by the charge pattern which has been 
“written”, so that the output current collected by the 
signal electrode is a function of the stored signal. If 
this signal is applied to the grid of a standard CRT 
which has its deflection synchronized with that of the 
storage tube, the stored information is reproduced 
for viewing. 
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FIG. 10. DIGITRON CHARACTER . 
Display Equipment (Courtesy Ameri- i 
can Machine & Foundry Co.) ane 
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Remote Vehicle Control Has | 
Valuable Military Applications 





R EMOTE-CONTROL equipped vehicles can ob- | 
tain data from remote, hazardous, or otherwise IMPORTANT ENTRI ES INTO 


inaccessible areas via television and also perform 


hazardous rescue and transport service. AN IMPORTANT FIELD 


[he equipment is easily installed in any tracked or 
wheeled vehicle and uses electromechanical actuators 


controlled by radio or through an electrical cable HOUSTON FEARLESS PRODUCES: Two New Precision Rocket Components i 
which permits a variety of driver locations (Fig. 1). 

Quick switch-over from manual to remote control is 

easily accomplished. THE TURBINE WHEEL-—A highly complex 

1 unit cut out from a single block of steel to precise 
dimensional requirements. Manufactured by 
Houston Fearless designed automatic tools. 

These turbine wheels are produced for 

various guided missile power plants. ° | 













RECEIVER 
TRANSMITTER 


THE SPIRAL BLADE IMPELLER — Intricately 
Fs th hoe designed to meet the most rigid military 
cae. specifications, the spiral blade impeller 


\ " fae | saa | has a variety of applications within commercial 
TRANSMITTER - > ° ° . 
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installations. These pumping units for guided 
whens hand missiles are manufactured by Houston Fearless 


FiG. |. BLOCK DIAGRAM of remote “allies con- designed variable pitch generating machines. 
trol shows actuators linked through relay box to radio 
‘tical receiver or control cable. 





d by | Houston Fearless Also Manufactures These 
etter A push button starts the engine; and an aircraft- Highly Important Rocket Components: 
type control stick steers the vehicle with right-and-left 
movement and controls the throttle with fore-and-aft HIGH PRESSURE PNEUMATIC REGULATORS — 
movement. Moving the control stick all the way to the | Designed for self-contained starter systems and 


rear position applies the brake. Other push buttons for pneumatic ejector systems. 


shift the vehicle into any gear selected by the operator. ROCKET ENGINE MOUNTING FRAMES - Tubular 


The rugged system, introduced by Lear, Inc., Grand weldments are available for any size of power plant. 


Rapids, Mich., is designed to operate under the most PRECISION DUCTING — Engineered for test 


extreme environmental conditions; it has been used installations or for power plants. 


in testing US Marine Corps landing vehicles under TRI-AXIAL NODAL POINT CAMERA MOUNT-— 
dangerous surf conditions (Fig. 2). Designed for ribbon frame cameras and used 

’ in conjunction with recording missile flight. 

Covers a full hemisphere. 


For further information on any or all of these 
components, send in attached coupon today. 
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| HOUSTON FEARLESS, Department MA-8 | | 
| 11801 W. Olympic Bivd., Los Angeles 64, Calif. HOUSTON 
| Please send me detailed information on: | | 
l C Turbine Wheel ( Tri-Axial Camera Mount FEARLESS | 

| | 
| (J Spiral Blade impeller ( Rocket Engine Mounting Frames | 
() High Pressure Regulators (C) Precision Ducting : | 
Name | 1 

; : 3) | Company | 
FE: Snel | ! 
FIG. 2. MARINE CORPS LVT is guided through | | Pasition 
| rough surf by remote control in helicopter. |  _Adéress | 
For information on Lear Remote Vehicle Control | | “City Zone. State | j 

circle 205 on inquiry card. a ee o. 


For more information circle 23 on inquiry card. 
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IV—COMPONENTS 


Choice of components is a significant factor affecting printed- 
circuit design and application. This chapter describes the 
many components available for use in printed circuits, in- 
cluding standard, redesigned, and printed components. 


ALLAN LYTEL, General Electric Company 


RINTED CIRCUITS use (a) standard components 
P mounted either directly to the board or through 

connectors, adapters, sockets, etc., (b) components 
redesigned for use in printed circuits—usually to facili- 
tate machine mounting, and (c) printed components 
made by the same techniques used for making printed 
wiring. Fig. 4-1 illustrates these three alternatives using 
a resistor as an example. 


210 


After the board is printed, holes can be punched 
through the conductors for insertion of the component 
leads or component sockets and connectors. Fig. 4-2 
shows socket layouts for seven-pin and nine-pin tubes. 
Both of these are used in miniaturized equipments. A 
grid system divides the boards into squares 0.1” on each 
side. This hole layout scheme permits accurate determina- 
tion of hole location. The large center hole allows the 





Fig. 4-1. Components used can be standard, modi- 
fied or printed types. A shows direct mounting of 
standard resistor on base board. B shows one of 
wire-wound resistors redesigned for insertion in 
printed circuits. C shows amplifier board— 
printed resistors show up as black bars. (Photo A 
courtesy General Mills, photo B courtesy Resistance 
Products Co., photo C courtesy Centralab.) 
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ube socket to fit through the board. Each pin of the 
ube socket has a lug which projects through the small 
peripheral holes. The tube is mounted in the socket from 
one side of the board and the components are mounted 
on the other side. 


Standard Components 


Fig. 4-3 shows method for lead attachment for stand- 
ard components. Holes are located on the board so the 
leads project through to the wiring side of the board. 
First the leads of the components are bent down (either 
by hand or by machine) and inserted in the proper holes. 
Then the leads are crimped to make a firm physical con- 
nection. The leads may be crimped so that they face each 
other, or are in opposite directions, or are at right angles. 
Soldering completes the process. These axial-lead com- 
ponents are an example of conventional unmodified parts 
used with printed wiring. 

The board shown in Fig. 4-3 has been made with 
“plated-holes”—the holes through the board have been 
plated with copper. The component lead has been inserted 
in the plated opening—solder joins the lead and the 
copper plating. In variations of this technique eyelets are 
sometimes used to provide a more secure connection be- 
tween the copper-foil wiring and the leads. 


Modified Components 


Components are now being produced with different 
types of leads which are more successfully inserted by 
machine. A disk capacitor is shown in Fig. 4-4. In A, 
pin terminals are shown. These are two short parallel 
leads which fit directly into the holes in the board. A 
standard grid system, such as the 0.1” grid, is required 
so that the lead spacing matches the holes located by the 
grid system. The same capacitor with axial leads is 
shown in part B. Here bending is required, in either of 
the two ways shown. At C, special tapered leads provide 
a force fit into the holes. This makes a better mechanical 
connection between the board and the leads than ob- 
tained with the straight-wire leads. Many components— 
small transformers, volume controls, resistors, capaci- 
tors, switches, and others—are now being made with such 
special leads for mounting on printed boards. 

Some of these modified components are shown in Fig. 
4-5. Part A shows a ceramic coil form. It is 14” in 
diameter and either 54” or 13/16” long and designed 
with solder lugs for dip-soldering. Part B shows three 
cylindrical filter capacitors. Part C shows an on-off- 
control with parallel lugs for insertion. 


Printed Components 


Many circuits known as “printed circuits” are only 
printed wiring. An actual printed circuit has not only 





printed wiring but also printed components. 





-050 DIA. HOLES 
MAX. DIA. OF SOCKET BODY —.750 


.050 DIA. HOLES 
MAX. DIA. OF SOCKET BODY —.843 





Fig. 4-2. A shows board layout for seven-pin min- 
iature tube socket. B shows layout for nine-pin sock- 
et. C shows the socket that receives the nine-pin 
tube and mounts on the board. D shows similar 
sockets for transistors. (Photos courtesy ELCO) 


ee aici 





~ is re 
ll Circuits on 


Plating Through 
She Holes... Both Sides of Board 


Fig. 4-3 Cross section of "THRU-CON" board. 
(Drawing courtesy General Electric Co.) 
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Fig. 4-4. Disc capacitors modified for automatic 
insertion in printed boards. A shows pin terminals; 
B shows two ways of bending straight leads; C 
shows tapered, flat leads. 
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Fig. 4-5. Components modified for use in printed 
circuits. A shows ceramic coil form. B shows plug-in 
capacitors. C shows on-off-control. (Photo A cour- 
tesy Cambridge Thermionics, photo B courtesy 
RCA, photo C courtesy Clarostat.) 











Fig. 4-6. Resistors and ca- 
pacitors in a single cir- 
cuit using the base mate- 
rial as the dielectric. (Pho- 
to courtesy Centralab) 








Fig. 4-7. Trimmer resistors 
for use with transistors. 
(Drawings courtesy Cen- 
tralab) 








Fig. 4-8. Tape-wound resistor. (Photo courtesy Na- 


tional Bureau of Standards) 





Fig. 4-9. Encapsulated within a 
molded phenolic case, these 
new resistor-capacitor networks 
are designed for such applica- 
tions as coupling, pulse-form- 
ing, and R-C filter networks. 
(Photo courtesy General Elec- 
tric Co.) 


Fig. 4-10. Printed coil. 
(Drawing courtesy 


RCA) 


Fig. 4-11. A, shorting switch; B, non-shorting switch; 
C, cam-action switch. (Drawings courtesy Photocircuits 


Corp.) 



























Fig. 4-12. Printed spirals fold up into transformer. 
(Photo courtesy Technograph Inc.) 


In a sense, the use of “printing” techniques for com- 
ponents is not new; India ink was used as a resistance 
element in early radios. It is possible to vary the width 
and thickness of the inked line and produce a wide range 
of resistances. 

Capacitors 

Capacitors can be made in two ways. If both sides of 
the board are copper plated, the insulation between them 
acts as the dielectric. This is the parallel-plate capacitor. 
This type has been made with values of between 200 
and 300 micromicrofarads per square inch, and with a 
frequency range up to 1000 megacycles per second. 

The second method is to use interlocking “fingers” on 
a single side of the board. The base maierial again acts 
as the capacitor dielectric, but it is more difficult to ob- 
tain the higher values of capacity. 

Both of these methods can be modified to make part 
of the components used with printed wiring. For ex- 
ample, Fig. 4-6 shows capacitors using paint on a base of 
ceramic material. The light parts of the base are ca- 
pacitor plates and the dark parts are painted resistors. 
This is an example of an additive process because the 
capacitors and resistors are both added to the base. There 
are no wires of any type, printed or otherwise, between 
these components because they are in direct contact. 
Leads connect this printed circuit (group of printed 
components) into a larger circuit; either another printed 
circuit or a conventional circuit. 

The basic difficulties encountered with printed ca- 
pacitors are: 1. Values must be restricted to rather small 
capacitance or a great deal of precious board space 
is used. 2. It can be difficult to maintain an exact con- 
trol of value, which is a function of the printing process 
and the thickness of the board. 3. Characteristics of the 
capacitors vary with operating temperature and the fre- 
quency of operation. 


Fig. 4-13. Switching circuit. (Photo courtesy Pho- 
tocircuits Corp.) 


Resistors 
Of all the electrical components, the resistor has beey 
probably the most widely used as a part of the printin, 
process. Inks of many types have been used to prin 
resistors from values as low as 50 ohms up to th 
megohm range. The ink may be printed, sprayed, or 
painted on the surface, using a stencil to put the resistor 








in the proper place. 

Printed resistors can be produced to normal tolerance: 
of + 20%; 
made with better tolerances. Dissipation of about on 
watt per square inch is average for printed resistors om 
phenolic boards. With a ceramic base material about 
four watts per square inch can be dissipated. These 
ratings indicate that only low power ratings can be used 
for these resistors unless they take up a rather large area, 

Among the most successful applications of the printing 


in some cases production runs have bee 


process used for components are the National Bureau of 
Standards tape resistor, the Elargol Process using bot! 
carbon and silver, and the Fairchild method of printing 
on glass. 

Fig. 4-8 shows a tape-wound resistor comprising 4 
strip of resistance tape wound on a cylinder of insulating 
material. Leads are connected to both ends and thq 
resistor is sealed in place in a niche in the ceramic wafer. 

In transistor circuits there is often a need for a smal 
variable, or trimmer, resistor. This trimmer resistor is 
used to vary the applied voltages and total circuit resist 
ance so that transistors with different characteristic 
can be used in the same circuit. For example, replacing 
transistors in a hearing aid is more simple because the 
circuit values can be adjusted with a trimmer. Their con- 
struction is indicated in Fig. 4-7, actual size is not greater 


than 0.680” x 0.431” x 0.1”. 





Large-area conductors in close contact with a_ hea 
sink provide successful power resistors. Thin insulating 
films with both excellent heat-transfer characteristics ant 
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PLATING PURPOSE 


Short term protection 
against corrosion. 


Good slow speed switch 
contact surface. 


Excellent soldering aid 


a) Silver, flash immersion 


b) Silver, electroplated 
0.0001"' to 0.002" 
c) Solder (60% tin 40% lead), 
electroplated 0.0005" 
to 0.002" 
d) Gold, flash immersion Protection against corrosion 
and a soldering aid. 
Good electrical non-wiping 
contact surface. 
Good non-corrosive 
electrical contact surface. 


e) Gold, electroplated 
0.0001" to 0.0002" 

f ) Indium, electroplated 
0.0002" to 0.0005" 


g) Nickel, electroplated 
0.00025" to 0.0005" 


Hard, wear-resistant 
wiping contact surface. 


Table 4-1. Plating materials and their switch applications. (Table courtesy Photocircuits Corp.) 
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electrical insulating properties are required. Experi- 
mental units have used the metal case or a metal chassis 
(if one is used in the equipment) as the heat sink; in 
some cases a metal sandwich is made with a metal plate, 
the cabinet or chassis, and the printed resistor in be- 
tween. These resistors have the advantages of space 
savings, low cost, long life, and a low operating tem- 
perature. 

Encapsulation in an epoxy resin inside a molded 
phenolic case provides printed resistor-capacitor net- 
works shown in Fig. 4-9 with high resistance to heat- 
humidity cycling. Uniform case surface and an index 
chamfer on the upper left case corner facilitate magazine 
loading for automatic placement in assembly. 


Inductors 


Inductors can be printed on the ordinary circuit 
board in several ways. Fig. 4-10 shows an inductor 
printed as a spiral (i-f transformers). A series of straight 
lines arranged in back-forth fashion are used for r-f 
coils. 

Such printed coils are usually less than 20 micro- 
henries. An inductor with a line width and spacing of 
0.01” and covering an area of about one square inch 
will have an inductance of about 10 microhenries. De- 
pending on the operating frequency and the value of in- 
ductance, the Q of such a coil can be between about 50 
and 125, Printed-coil values are more readily controlled 
than are the values of capacitors. 

One method of producing an inductance is to repeat 
a single spiral conductor pattern on flexible insulation 
and then folding and interconnecting the sheets as shown 
in Fig. 4-12. A series-connected coil is thus formed. The 
conductor pattern can be made of any desired width 
along its length, thereby altering the cross-sectional area 
of the conductors. For example, the pattern can be de- 
signed so that the windings nearest the core are wider 
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PURPOSE 


Hard, non-corrosive, wear- 
resistant wiping contact 
surface. Good for 
intermittent and continuous 
operation. 


PLATING 


h) Nickel-rhodium, 
electroplated 0.00025" to 
0.0005" nickel plus 
0.000005" to 0.C0c04" 
rhodium! 

i) Silver-rhodium, 
electroplated 0.00025" to 
0.0005" S'lver plus 
0.000005" to 0.00001" 
rhodium 


Good non-corrosive wiping 
contact surface. Used where 
rf rules out nickel because 
of its ferro-magnetic 
properties. 


1Recommended for commutators and wiping switches. In the flush- 
type arrangements, with the proper choice of base materials and 
under light brush pressures, a life upwards of 10 million revolutions 
can be anticipated. 


aa 
wn hale 


— 


rare T $ALE 
ere BC; Biot cbs 


BALM eee 


SS meena 





than those on the outside of the coil, allowing for better 
distribution of heat generated in the coil during opera- 
tion. This transition can be made gradually and precise- 
ly as required by design considerations. 

The number of turns in a coil assembly is controlled by 
the designer and is not subject to operational errors. 
Also, the placement of each conductor, as well as the 
spacing between conductors, are under the same precise 
control. This results in coils having very uniform physical 
and electrical characteristics. The essentially rectangular 
cross-section of the conductors provides a very efficient 
use of the space occupied by the coils. Also, this folding 
permits intimate inter-relationship between primary 
windings for greater magnetic efficiency. 


Switches 


Printed-circuit techniques have been successfully ap- 
plied to a number of different switches including single 
and ganged switches for programming, telemetering, and 
timing. The two general physical types are the raised 
pattern, where the conductors are on the top of the base 
surface, and the flush-type, where the conductors are em- 
bossed so the surface of the conductor and the surface of 
the base are in the same plane. The advantage of printed 
switches is that their cost bears no relation to switch 
complexity as both simple and complex switch plates 
are inexpensive when made with printed-circuit tech- 
niques. 

Copper, while it is the best conductor available at 
low cost, is not well suited for switch contacts because 
of its poor wearing qualities. Plating overcomes this 
problem. In some processes, silver is stamped into the 
base board to produce a pure metallic silver conductor, 
flush with the surface. To obtain similar characteristics, 
a copper circuit may be plated by one of the several 
methods discussed in Chapter 2. 

Different plating metals and their applications may be 
seen in Table 4-1. Nickel, silver, rhodium, and combina- 

















Spacing between terminals must be adequate 
to prevent voltage breakdown. 





B 
__ This dimension is determined by 
| connector width. 
| 
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C 
Conductor strips on bottom layer must be 
offset to avoid contact with connector 
pins inserted through upper layers. 
D 





WETAL CHASSIS 


Fig. 4-14. Printed cables. A shows a single row, B a 
double row, C a triple row. D shows flexibility of 
printed cable. (Drawings courtesy Sanders Associates, 
Inc.) 
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Fig. 4-15. Printed capacitors. A shows capacitor plates 
on opposite sides of wafer. B shows interlocking fin- 
gers. (Photos courtesy National Bureau of Standards) 


Fig. 4-16. Module together with the components re- 
placed by the module. (Photo courtesy ACF Elec- 
tronics) 
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PLATING PLASTIC SPEED LIFE RANGE TYPICAL 
CONDUCTOR BASE RANGE IN REVOLUTIONS APPLICATION 
PATTERN 
i 0.001" to 0.003" Phenolic Up to 300 rpm Up to Hand operated cetey 
_ Silver or Epoxy 1,000,000 switches, high 
frequency switches, 
Raised 0.0005" Nickel Phenolic Up to 500 rpm Up to Servomechanisms, 
with 0.000005" or Epoxy 5,C00,000 commutators, slip ri 
Rhodium stepping switches. 
Raised 0.0005" Nickel Phenolic Up to 500 rpm Up to Servomechanisms, 
with 10- to 20- or Epoxy 50,000,000 commutators, slip ri 
millionths Rhodium stepping switches. 
Flush 0.0005" Nickel Photocircuits black Up to 2000 rpm Uowards of High speed, low 
with 20- to 40- melamine surfaced 50,000,000 torque, bounceless 


millionths Rhodium composite laminate 


Table 4-2. Characteristics of printed switch plates 34" to I!/)" radius. (Table courtesy Photocircuits Corp.) 


tions of these metals are all used for their excellent wear- 
ing qualities. Gold, indium, and solder are used where 
the wearing is not so severe. Nickel is not used at radio 
frequencies because the ferro-magnetic characteristics of 
this metal can introduce noise. 

Silver has a special problem; studies have indicated 
that silver will migrate through the insulator and along 
the surface under certain conditions of applied voltage 
and humidity. Not enough data has been presented to 
make definite statements about the problem of silver 
migration. 

The ordinary phenolic laminate board serves well as 
the base for many low-power switches but arcing can 
cause the laminate to carbonize. Epoxy-glass laminates or 
melamine-surfaced laminates are used because of their 
superior wearing qualities and resistance to electrical 
breakdown. 

Switch pattern design for raised conductor patterns 
should prevent bounce of the brush. This can be done in 
several ways as shown in Fig. 4-11. In A, the brush is 
wider than the spacing between adjacent switch segments. 
This shorting switch allows the brush to ride from one 
contact to the next. In C, a cam raises the brush be- 
tween switch segments. Any of these methods removes the 
dependence of switch life upon base-material qualities. 

Some characteristics of printed-circuit switches are 
summarized in Table 4-2. A complex commercial switch- 
ing device is illustrated in Fig. 4-13. The inner brushes 
are in constant contact with the printed rings and the 
outer brush overlaps several contacts to prevent bounce. 


Cables 


Because the material used is thin, printed cables are 
flexible and do not take up much room. They can be 
made with a single layer of conductors, or with several 
layers (Fig. 4-14). In A, one layer has the wiring and is 
covered by a top layer of plastic making a compact cable. 
Current capacity determines width and thickness of the 
conductors; spacing between the conductors depends on 
the greatest voltage difference between conductors. 





applications. 


In B, a double thickness is used with two layers of 
conductors. At each cable termination the wires are 












staggered to permit connections to pins or to the chassis} x Ideal 






















In C, the three layers show how the conductors on the 
bottom layer are offset to avoid contact with the pins 
meant to make contact with other layers. In D, a printed 
cable connects parts of a circuit in a chassis to save 
space. 

Flexibility depends on the thickness of the cable; for 
0.005” cable the bending radius is 1/16”; for 0.045” 
cable the bending radius is 2 inches. 


Tinkertoy 


In the Tinkertoy* method the basic element is a small 
slab of ceramic material on which components are pro- 
duced. A stack of wafers, interconnected by vertical wires, 
makes a completed circuit module. 

Fig. 4-15 shows Tinkertoy wafers which contain, or 
actually are, capacitors. In A, the notched wafer body is 
the dielectric of the capacitor. Conductive plates on both 
sides of the wafer are the capacitor plates. The produc. 
tion machinery which manufactures the wafers also 
makes the capacitors. In B, the two sets of interlockin 
fingers of conductors make up the two “plates” of th 
capacitor; only one side of the wafer is used. This sec 
ond type has a smaller capacity. 

Each wafer can have the following number of compo 
nents: one (seven-pin or nine-pin) tube socket, one or two 
inductors, one to four capacitors, and one to four resis 
tors (Fig. 4-16). The spacing between wafers is 3/16’ 
Wafers fit into a square hole in the board and the vertic 
wires connect to the printed wiring. 

The original components of Project Tinkertoy hav 
been improved and new components have been developed. 
Carbon resistors with greater uniformity are mounted ot 
tape for mechanized operations. Their range is from five 
ohms to ten megohms with tolerances of 20%, 10% ané 
57%. Rating is ¥% watt with higher power available by 


*Registered Trade-Mark, A. G. Spaulding and Sons, Inc.. (the chil 
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drens game). Commonly used to describe the modular construction de 
veloped by the National Bureau of Standards. 
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BOARDMASTER VISUAL CONTROL 


ty Gives Graphic Picture—Saves Time, 
Saves Money, Prevents Errors 

ty Simple to operate —Type or Write on 
Cards, Snap in Grooves 

ty Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

vy Made of Metal Compact and Attractive. 
Over 150,000 in Use 
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24-PAGE BOOKLET NO. MT-30 
Without Obligation 
Write for Your Copy Today 
GRAPHIC SYSTEMS 


55 West 42nd Street @ New York 36, N. Y. 
For more information circle 30 on inquiry card. 
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PROCESS 
CONTROL 


By A. J. Young 
Imperial Chemical 
Industries, Ltd. 


Covers control problems; 
operation of closed-loop 
systems; modes of control; 
types of controller available 
(American, British, Ger- 
man); effects of time lag. 


Explains basic principles 
without use of advanced 
math. 


Cloth, 182 + vi pages, 5x8 inches 


$2.00 postpaid 


(Payment must accompany order) 
Instruments Publishing Co. 
845 Ridge Ave., Pittsburgh 12, Pa. 


Enclosed is $........ for.......copies of Young's 
Process Control, at $2.00 each postpaid. 
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0.010" x 0.0005" THICK 

Fig. 4-17. Printed strain gage (Drawing courtesy 

Technograph Inc.) 
parallel resistors. A cracked-carbon resistor with a toler- 
ance of 14% is being developed. A square tube socket 
was developed Ly Amphenol for this application. 

Three types of capacitors are available. Printed ca- 
pacitors (using the ceramic base as the dielectric) have 
a range from 5 pf to 0.01 pf. These capacitors have a 
marked temperature coefficient. Glass-dielectric capaci- 
tors have been developed with a very high Q. In 300- 
volt ratings the glass capacitors go from 10 ppf to 0.01 
pf; at 500-volt ratings they go up to 0.0085 pf. The tem- 
perature coefficient is 150 parts per million per C° 
and they may be used up to 150°C. Mylar dielectric 
capacitors are available from 2500upf to 0.5 pf for 200- 
volt operation. Higher voltages are obtainable at some- 
what lower values of capacity. Units with Mylar dielec- 
tric are comparable to mica units in both Q and tem- 
perature coefficient. A more complete list of available 
modular components and their characteristics also is 
available.* 


Additional Printed Components 
Strain Gages 


A copper-foil coil, produced on a thin base, can be 
used as a strain gage (Fig. 4-17). In this application the 
printed circuit is similar to a large metal heat sink and 
heavy currents can be carried. The gage is a copper-foil 
pattern which is attached to the body to be tested. Only 
the thin insulation separates the two. Strains in the 
metallic body change the resistance in the copper gage. 
Current flow, in inverse proportion to the resistance 
change, serves as a measure of strain. Power as high as 
400 watts per square inch** has been obtained without 
overheating the printed circuit; resistance ranges are 
from 35 ohms to over 5000 ohms. 

These gages have been made from a rolled copper- 
nickel alloy with a very low temperature coefficient of 
resistance. The insulator is an epoxy-resin varnish. Gages 
of this type are simple to use and have many applications. 


Aircraft De-icing Pads 


Printed wiring with a thin dielectric base has been suc- 
cessfully used for de-icing surfaces*** of aircraft (Fig. 
4-18). Here special problems of weathering, vibration, 
*ACF Electronics, Aerovox. 

**Printed Circuits, P. Eisler, British IRE, Vol. XIII, No. 11, Nov., 
1953. 


***Printed-Foil Electronic Components, H. L. Shortt and P. Eisler, 
Tele-Tech, June, 1955. 
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(Our quality control system 
invites your inspection) 


Set ELA ILI 


(This we guarantee!) 


(We give you 
«sistance FREE) 


SOME OF THE AREAS in which exacting control and in-process inspection are applied follow: 


2) Plating and Etching 
(a) Control laboratory checks solutions daily. 


(b) Ease of solderability assured by maintaining 
chemical cleanliness and plating purity. 

(c) Daily humidity chamber testing to insure 
against contamination of base materials — 
both electrical and chemical inspections are 


1) Master Drawing through printing: 


(a) Best camera and photo composing equip- 
ment available to the industry. 

Extensive use of plate glass photographic 
masters instead of film to avoid dimensional 
change caused by temperature and humidity 
changes. 


(b) 


(c) Temperature and humidity controlled print- performed. 
ing areas. (d) Plated holes are sectioned and photo-micro- 
(d) All printing operations checked with glass graphed to insure adequate plating thickness 


masters for maximum accuracy. and continuity. 
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chalets FLushing 7-8100 
Dept. MA7, GLEN COVE, NEW YORK Cable: PHOCIRCO 


Please send me your NEW Bulletin P-9b on “Standard 
Printed Circuit Tolerances.” 
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For more information circle 24 on inquiry card. 











A line of accelerometers has been 
announced by the Components 
Division of Fairchild Controls 
Corporation. The unit shown— 
designated Type 940—is now 
being built for a toss bombing 
control system for the U.S. Air 
Force. These accelerometers have 
been developed with the same 
exceptional accuracy and reliability 
found in the complete Fairchild 
line of precision components: 
pressure transducers; linear and 
non-linear, single and multi-turn 
potentiometers; FilmPots® 

and trimmers. 





Me 





Fig. 4-18. A shows assembly of de-icing mats on 


» NX the tail plane assembly of Bristol Britannia aircraft. | d 
. £3 ° | B shows sections of Rolls Royce Dart power-plant 

_ intake. C shows Vickers Viscount supercharger in- ( 
’ | take. (Photos courtesy Bristol Aeroplane Co., Ltd.) 





NOW! 
ACCELEROMETERS 


featuring Fairchild accuracy 
and reliability 





Fairchild’s new line of accelerometers will accurately measure a \ . 
wide range of static or uniformly-varying types of acceleration. ww 
Applications include flight testing, air-borne telemetering 

and computing, and measurement of maneuvering 
accelerations of missiles and aircraft. Variations of 
conformation, G-range, natural frequency and damping can 
be developed to meet special customer requirements. 
Damping is accomplished by the viscous shear action of the 
mass in an oil medium. 





C 





Over-all accuracy, including linearity, hysteresis and ; | je : 

repeatability, is better than 1.5%. The Type 940 (shown <= a Peer , ; 
pana wil couse wader snbiant wugeniene & ~88°C | high current, and the vital importance of their function 
to 100°C and will withstand vibration in the order of 10-55cps 
.030” double amplitude and 55-500cps at 5G in each of the 
three axes. Whatever your precision component requirements, 
whether potentiometers, pressure transducers or accelerometers, 
you can rely on Fairchild’s complete line and advanced 


require careful design and construction. These de-icing 
mats require a large area of a very thin conductor on a 
flexible and tough insulation which can be firmly bonded]For de 
to the aircraft structure. 





engineering for the best answer. For information, write to: | Additional chapters include: 
Dept. 140-87X, Fairchild Controls Corporation, ee ; : 
Components Division. TR C é LILID | UHF Applications (in next issue) 
| Circuitry, including packages C, 
EAST COAST WEST COAST - 7 
225 Park Avenue 6111 E. Washington Bivd. PRECISION POTENTIOMETERS | Production, including automation 
Hicksville, L. 1., N. Y. Los Angeles, Calif. i and COMPONENTS | Servicing 45 t 


For more information circle 25 on inquiry card. 
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ATTENTION! 





| 

| Sales Managers— 
| 

ma’ 


Exhibit space at the 4th INTERNATIONAL 
AUTOMATION EXPOSITION should sell- 
out in a hurry. 


Plan now to budget time and money for 
1958’s biggest automation event. 


Automation Congress, Conferences, and 
Clinics, associated with the Show, guaran- 
tee intensified local and overseas interest 
in this event. 


WHEN—June 9-13, 1958 


WHERE—New York Coliseum 


For details, floor plans, etc., write 


July-August, 1957 





Fourth International Automation Exposition 
c/o Richard Rimbach Associates, Management 


45 Ridge Ave., Pittsburgh 12, Penna., FAirfax 19831 


For more information circle 26 on inquiry card. 





White Noise 
Tests Components 


Amor AND MISSILE manufacturers have 
determined that many failures of electronic 
and electro-mechanical components and assemblies are 


| due to the high noise intensity levels generated by jet 
| and rocket engines. Consequently, airframe manufac- 
| turers such as Convair, Boeing and Bell have included 


white noise test requirements in specifications for 


| components used in their end units, and it appears 
| that white-noise testing can become a standard require- 


ment of all military agencies. (““White” noise is noise 
having a normal or Gaussian distribution of ampli- 
tudes. ) 





White noise test equipment. Exponential horn con- 
centrates energy into 64 sq-in area. 


To meet this demand for testing, Rototest Labora- 
tories, Inc., of Lynwood, California, has established 


a white-noise testing facility on the West Coast. Equip- 


ment can subject a test specimen to sound pressure 


| levels of 150 db (relative to 2x10~* dyne/cm*) over 


the frequency range from 50 cps to 10 ke. Cross- 
sectional area over which this level is generated is 64 
square inches with level falling off 3 db for every 
doubling of area. An audio supply generates 215 kw 
and drivers are horn coupled to test chamber, which 
is in turn horn coupled to an absorptive termination. 


For information on Rototest White Noise Testing Facility 
circle 206 on inquiry card. 





FOR MORE INFORMATION ON ANY OF THE 
PRODUCTS REPORTED OR ADVERTISED IN 
THIS ISSUE, CIRCLE THE ITEM NUMBER ON 
THE INQUIRY CARD BOUND IN THE FRONT 
OR BACK OF THIS ISSUE. IF THE CARDS 
HAVE ALREADY BEEN USED, MARK THE 
ITEM NUMBER AND DATE OF THIS ISSUE 
ON A POSTAL CARD AND MAIL IN CARE OF 
CUR READER SERVICE DEPT. 























Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdiow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N. Y. 58, N. Y, 


For more information circle 27 on inquiry card. 
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Fig. |. The IBM card has 80 vertical 
columns (numbered at the bottom). 

' Each column accommodates a hole 
(or holes) representing the single 
number or letter typed at the top of 
each column. For example, the letter 
S is represented by the punches 0 
and 2, as shown in column 30. 


Fig. 2. The operator reads the source document 
and, by depressing keys, converts the information 
into punched holes. The machine feeds, positions 





card directly above the hole being punched. 


and ejects the card automatically. Card punches 
equipped with printing mechanisms automatically 
interpret the punched information at the me of the 

















526 SUMMARY PUNCH 








24 CARD PUNCH 
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26 PRINTING 
CARD PUNCH 






















MODERN DIGITAL TECHNIQUES 
—NO. 4 


Electronic Data-processing Machines 


ANY MACHINES have been invented to help with 

arithmetic and printing, most of which were oper- 
ated individually by a person pushing levers or keys. 
With the development of the punched card (around the 
beginning of this century) the first step in automatic 
operation of machines for office and engineering data 
processing became possible. Once information wa 
punched into a card, two important results were accom: 
plished—(1) a permanent record was available, and (2! 
the cards could be used to carry information from one 
machine to another, and to allow automatic control o! 
the machines during the processing of the information. 


The Punched Card 
The punched card (Fig. 1) is usually the first step in 


automatic processing of data. 

At the right of the card in Fig. 1 is shown a typical ap- 
plication. This card with the information shown can be 
used in payroll, production costs, inventory, and other 
applications. 

Card punching is the basic method of entering source 
data into the punched cards. Typical card punches are 
shown in Fig. 2. 


Verification 


Verification of initial data is extremely important 
Usually the best time to verify information is immedi 
ately after it has been punched into cards. A typical caré 
verifier is shown in Fig. 3. 
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PUNCHED INFORMATION 
INFORMATION READ 


The “giant” computers, large elec- 
tronic data processing systems, are 
usually built by joining groups of 
single- and multi-function equip- 
ments. Here is a survey of a full 
line of EDPM's, from small punches 
and verifiers to giant computers. 




















56 CARD VERIFIER 





Fig. 3. Card verifying is simply a means of checking the accuracy 
of the original key punching by depressing the keys of a verifier while 
reading from the same source data. The machine compares the key 
depressed with the hole already punched in the card. A difference 


GEORGE TRUMAN HUNTER causes the machine to stop, indicating a discrepancy. A notch in the 


and , mer " 
upper right edge of the cerd indicates that it has been key punched 
Les GRAHAM M. CLARK and verified correctly. A notch directly above a column signifies 
International Business Machines Corp. that the punching of that column does not agree with the key de- 





pressed for verification. 


Fig. 4. Where information changes from one group of cards to the 
next, interspersed gang-punching methods can be used. A master 
card precedes each group of detail cards. Information in the master 
card is automatically selected for punching into all following detail 
cards until a new master is read. The punching pattern then changes 
to conform with the new master. Gang punching can be performed 
separately or in combination with reproducing and summary punch- 
slp with ing for both alphabetical and numerical information. It should be 
noted here that the cards now contain both data to be.copied and 


re oper: Verification becomes increasingly important as data- ; ; ; 
” oe information, also in the form of punched holes, for control of the 


yr keys processing machines become faster. For example, if you 



































und the furnish wrong information to a giant computer, it will machine. on 
tomatic produce thousands of wrong answers in a second. Ps F 
ig data: Laat, ge DETAIL 
= Duplication TT 4 MASTER 
accom, r ‘ ; onan a 
ind (2) The use of the machines to automatically copy infor- Pal 
om one Mation in cards is called duplication. Duplication is ha oe DETAIL 
atrol off§ automatic punching of repetitive information from a gee _- 
ration. @ Master card into a group of succeeding detail cards. It is tees & MASTER \ / 
normally performed as part of the card-punching func- - 
tion on the card punches shown in Fig. 2. Instead of 
depressing keys repetitively for common information 528 ACCUMULATING REPRODUCER 
step in (such as ENTRY DATE, which is to be punched in 





every card), the operator punches the common informa- 
ical ap tion only once in the first card, and it is automatically 
can be Punched into all remaining cards for the group. Auto- 
1 other atic duplication reduces the work per card, insures 
consistency of common data, and increases productivity 
of the operator. 

Gang punching (Fig. 4) is duplication in which 
punched information from a master card is copiéd into 
one or more detail cards that follow it. 

Reproducing is a form of duplication in which infor- 
mation from, one set of punched source cards is auto- 
vortant.@ ™atically punched into another set of cards. The two sets 
mmedi§ °f cards are fed through the machine synchronously. . = 
al card The machines used for reproducing also are shown in 519 DOCUMENT-ORIGINATING 

Fig. 4 (except + 526). MACHINE 536 SUMMARY PUNCH 











- source 
hes are 





514 REPRODUCING PUNCH 


TIONG July-August, 1957 > 219 








TRANSMITTAL 
TAPE 


TAPE PUNCH UNIT 


i= 


TYPEWRITER UNIT 


J 





884 TYPEWRITER TAPE PUNCH 


Fig. 6. Data transceiver ac- 
cepts punched-card data 
and reproduces card at re- 
mote location by telephone 
or telegraph. Machines at 
either end are identical. 
Transceivers are vital link in 
CONUS—DTSN, Army Sig- 
nal Corp. supply system (dis- 
cussed in March-April MA). 
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65.66 DATA TRANSCEIVER ors 


101 ELECTRONIC STATISTICAL MACHINE 








82 SORTER 


Fig. 7. Sorter, statistical ma- 
chine or collator can perform 
this selecting function. The 
machines can also sort. The 
collator can also merge and 
match cards. 


C22 









"am! 


Fig. 5. Electric type- 
writer and tape punch 
unit comprise the 884 
Typewriter Tape 
Punch, which puts 
coded information on 
8-channel or 5-channel 
punched-paper tape. 
Special electric type- 
writer connected to 
Type 24 or 26 card 
punch (Fig. 2) simul- 
taneously types docu- 
ment and puts same 
information into 
punched cards. 
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77 & 89 COLLATOR 






Mark-Sensed Punching 


Mark-sensed punching is illustrated in Fig. 1. A ma 
chine reads pencil marks on a card and converts they 
into punched holes. The three columns in the center of 
the card show pencil marks for the value 005. The cor. 
responding punches are shown in columns 52, 53, and 54 
having been punched there by one of the machines j) 
Fig. 4 (except the 526). This type of operation has been 
proven in many applications during the past 20 year: 
The original facts may be recorded anywhere—office. 
plant, or field, by workmen, timekeepers, or field worker 
—and those facts are translated directly into punched 
hole form. This type of marking has been used for grad. 
ing multiple-choice and true-false tests by means of IB) 
test-scoring machine. 


Typewriter Card and Tape Punching 


Typewriter card punching is the simultanecus actioy 
of creating a document in a typewriter and putting par 
or all of the same information into punched cards. This 
machine consists of a special IBM electric typewriter 
connected to a Type 24 or 26 card punch. 

Typewriter tape punching is the simultaneous action 
of creating a document in a typewriter and putting part 
or all of the same information into an 8-channel punched 
paper tape (Fig. 5). The tape can be easily transported 
to other locations and processed through a tape-to-card 
punch (Type 46 or 47) to transfer the information into 
punched cards, 


Tape Reading 


Tape reading is a process of feeding punched paper 
tapes through a tape-to-card punch to convert the coded 
data onto punched cards. Tapes can be prepared on the 
typewriter tape punch or on the card-controlled tape 
punch; the latter is capable of punching tape that can 
be transmitted by telegraph. 


Interpreting 


Interpreting is the translation of punched holes into 
printed information on an IBM card. 

Alphabetic or numerical information can be printed 
in many different positions on the same card from which 
it is read. Common data can be repetitively printed on a 
group of detail cards from punched information on 4 
master card. 


End Printing 


End printing is the conversion of punched information 
into bold printing across the end of the card simul. 
taneously with gang punching, summary punching, repro- 
ducing, and mark-sensed punching (all functions of the 
519 Document Originating Machine shown in Fig. 4). 
It is similar to interpreting, and makes possible quick 
reference to the card. 


Sorting, Selecting, Merging, Matching 


After cards have been punched it is usually necessary 
to arrange or rearrange their sequence, select certall 
cards, or add additional cards before actually processing 
them for arithmetic operations. This type of data proc: 
se can be done automatically by several different ms 
chines. 
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Sorting is the process of grouping cards in numerical 












































A mall or alphabetical sequences according to any classification AL 

» these punched in them. To group cards by account, for in- /\ REGIS Te 

iter of M stance, they are sorted into account sequence. It is then —_ ; oe , an 123) 892 : 

1e corm possible to summarize the cards by account. ' ' ' ' I . is 1642 “ 173 Fea 

nd 54/ Fast. automatic machines (Fig. 7) are provided for ’ 1M CARD S$! 129 ? 62805 
nes inf arranging cards for the preparation of reports originating iit - 71) no j 
s been from the same cards, but each requiring a different se- . . 81 Ff 
years, quence or grouping of information. . ' ae 

office Selecting is the function of pulling from a mass of Lac eeeeernens —! 

orkers{# data, certain items that require special attention. Selection 
inchefy of individual cards is accomplished automatically by i 


- orad.f either the sorter or collator (Fig. 7) according to the 
f IBMMI type of selection. Typical selections are: (1) cards 
punched with specific digits, (2) certain type of cards 
for a specific date, (3) all cards containing a specific 


number, (4) all cards higher than a specific number, 























































(5) all cards lower than a specific number, (6) cards ‘s 
action fy between two specific numbers, (7) first card of each 000.00n accounts MACE 
part fy BTOUP (8) last  p of each group, (9) unmatched cards, 
s. This (10) cards ont Se Fig. 8. Accounting machines add, subtract, cross-add, 
write jy Merging is the term for combining two sets of punched totalize, etc., and print out the information as the cards 
cards into one set of given sequence. Both files of pass through the machine. Reports can be printed at a 
actiongy cards must be in the same sequence before they are rate of 150 lines per minute. Machines can position forms 
part merged. This function makes possible automatic filing to print data in desired locations. 
inched] of the new cards into an existing file of cards. It is a 
ported faster method than sorting for placing related cards to- - so : 
o-card (a gether. Merging is performed automatically in a collator. j, Fig. 9. Facsimile posting 
eg : ‘ TRANSACTION machine transfers data, one 
n into Matching is the “9 for a checking yee used to LISTING , ia oh 4 ee, Bee repo ie 
check the agreement between two sets of cards. Groups ‘ 
of cards in one file are compared with similar groups ee to a record sheet. 
in a second file. Unmatched cards or groups of cards in 
either file may be selected or separated from the files. LEDGER 
This function is frequently performed in conjunction 
paper ® with merging in the collator (Fig. 7). 
= As a collator has two card feeds and four selecting 
> pockets, the functions of merging, matching, sequence 
P°® checking, and selecting may be formed in many different 
at cat combinations. After the cards are properly arranged they 
are ready for processing by a variety of machines. 
REPORT REPORT 
s into Detail and Group Printing by Accounting 
Machines 
pores Detail printing is printing information from each card 
- 10 as the card passes through the machine. The function is 
nF used to prepare reports that show complete details about 
on *# each transaction. During this listing operation the ma- 
chine can add, subtract, cross-add or cross-subtract and 




















print many combinations of totals. These operations are 


performed by the machines in Fig. 8. 
























































Group printing is an accounting-machine function that - 

nation § Summarizes groups of cards and prints the totals on a 
simul § report. Totals can involve adding, subtracting, etc. STATISTICAL DATA 
repro: 
ig. 4). ‘ ae tn aa ew A 
quick Summary Punching quit i? 

_Summary punching is the term for automatic conver- BRN \ ort tt aes 

sion into punched-hole form of information developed ‘ome *, ee en 

by the accounting machine. Summary punching is used 

for the following purposes: 
essary 1. To carry balances forward. 
er 2. To reduce card volume and carry summary data. Fig. 10. Electronic statistical machine counts, totalizes, 
| pee Summary data also can be fed, by cable, to the Sum- checks, and prints printed summaries. It also sorts and 


nt ma "ary Punch Machine shown in Fig. 2. Summary punch- arranges cards. 
ing also can be performed by the 519 Document-Originat- 


ing Machine shown in Fig. 4. 101 ELECTRONIC STATISTICAL MACHINE 
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602A CALCULATING PUNCH 


a i 


607 ELECTRONIC CALCULATING PUNCH / 














(604 IS SIMILAR) 


Fig. |1. Typical small au- 
tomatic digital calculators. AxXb6+ C + D--—- € s R 









































CODED INSTRUCTIONS PUNCHED RESULTS 


AND FACTORS 





PRINTED RESULTS 
























Fig. 12. Card-programmed 
calculator was first electron- 
ic computer which included 
electronic computing plus 
high-speed line printing. The 
605 is now being 
replaced by the 
650. 








941 STORAGE 412-418 ACCOUNTING MACHINE 605 CALCULATING PUNCH 
UNIT 


Fig. 13. New 305 
RAMAC Random Ac- 
cess Memory Account- 
ing Machine} is a com- 
plete, compact data 
processing machine 
built around a disk 
memory unit (visible in 
background) having a 
storage capacity of 
5,000,000 digits. This 
unit consists of 50 
magnetic metal disks 
arranged in a vertical 
stack, with data re- 
corded on or read from 
each side of the disks. 
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Statistical Machines 


Many problems in statistics are handled well by the 
statistical machine shown in Fig. 10. 

Statistical work is essentially a problem of counting 
units in many different classifications. At the same time 
it is frequently desirable to accumulate certain quanti- 
ties or amounts, check or edit for consistency or reason- 
ableness, and balance counts to the control totals to 
check the accuracy of the summaries. All of these func- 
tions are performed by the Electronic Statistical Machine 
to produce printed summaries. This machine also per- 
forms sorting and card-arranging operations. 

The first large-scale use of these machines was for 
processing a great deal of the United States 1950 census 
data. Since that time they have been used in census op- 
erations in many other countries. They are also used in 
searching card files of books or reference articles, chem- 
ical and physical characteristics of substances, police rec- 
ords, and other applications. 


Small Digital Calculators 


During the 1940’s there arose an increasing demand 
for machines which could do more complicated arithme- 
tic for accounting problems. Even payroll calculations, 
which are usually thought of as being simple, sometimes 
require many steps of arithmetic to calculate gross pay, 
many deductions, net pay, and new year to date values. 
Also during those years more interest was shown for 
the use of automatic calculating machines in the fields 
of scientific computation. The result of the interest shown 
in these two fields led to the large-scale production of 
electromechanical and electronic calculators. Typical ex- 
amples of these machines are shown in Fig. 11. 

The widespread acceptance of these machines is indi- 
cated by the fact that from 1948 through 1956 more 
than 3000 IBM Type 604 electronic calculating punches 
were installed in business offices in the United States. 
Each of these machines contains over 1300 electronic 
tubes. Each machine reads and punches cards at the rate 
of 100 cards per minute and, for each card, up to 60 
individual steps of arithmetic can be performed. Typical 
business applications of these small electronic calculators 
include: Payroll calculations, interest calculations, in- 
surance premium calculations, discounts, invoice calcula- 
tions, agents and brokers discounts and commissions, and 
actuarial tables. 

These calculators are used also to solve scientific and 
engineering calculations such as: formula evaluation, 
numerical differentiation and integration, solution of si- 
multaneous equations, curve fitting, solution of differ- 
ential equations, correlation and regression analysis, and 
matrix manipulations. 

A slightly larger and much more capable computer 
than those previously described is the Card-Programmed 
Calculator (Fig. 12). 


Card-Programmed Calculator 


The CPC is actually composed of several machines 
which are connected together by electrical cables. The 
Accounting Machine reads from the punched cards the 
data to be calculated and the codes that instruct the 
machines what calculation to perform. The data can be 
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held in storage devices in the various machines. The 
storage unit increases the capacity of the entire machine 
so that it can handle larger problems. 

The calculations are performed at high speed in the 
electronic calculator (the 605 Calculating Punch or 
650). Upon completion of the calculations, results can be 
printed in report form by the high-speed line-printer part 
of the accounting machine, as well as punched into cards 
by the punch unit. 

This machine is used in the preparation of payrolls, 
general ledger accounting, actuarial studies, statistics, 
and other business calculations. The majority of these 
machines are used for engineering and scientific calcula- 
tions, including: cam design, transformer design, fourier 
harmonic analysis, engine performance, airplane landing 
gear dynamic analysis, interior and exterior ballistics, 
stability of feedback systems, lens design, etc. 


Intermediate-Capacity Stored-Program Machine 


The next IBM machine is the intermediate-capacity 
stored-program machine, the IBM Type 650 Magnetic 
Drum Data-Processing Machine (Fig. 14). 

The input of both data and instructions is in the form 
of punched cards. The magnetic drum stores data as well 
as instructions. Computing and control circuits are elec- 
tronic. The computed results are punched into cards 
which may be used to print results in IBM accounting 
machines. The internal-logic self-checking features, con- 
venient operator’s console, and compatible IBM card in- 
put and output make this machine flexible and efficient. 


Large-Scale Data-Processing Machines 


The final category of IBM machines is one compris- 
ing the large-scale electronic data-processing machines. 
The machines in this class are divided into two groups: 
The “IBM 701, 704 and 709” are designed for engi- 
neering and research calculating, and the “IBM 702 and 
705” are designed for accounting and record-keeping 
applications, 

One of the biggest calculators ever constructed is the 
NORC (Naval Ordnance Research Calculator) built by 
IBM for the Navy’s Bureau of Ordnance. The NORC is 


shown in Fig. 15. Facts concerning its operation are in 


Table 1. 


Conclusion 


As has been described, electronic data-processing ma- 
chines (EDPM) range from a simple card punch to pow- 
erful electronic calculators. 

There is nothing particularly profound or high-brow 
in the application of the concept of automation in the 
field of data processing. A person needs some general 
knowledge of the capabilities of data-processing systems, 
an introduction to which has been given. He also needs 
some imagination, an open mind, and the willingness to 
adopt new procedures when such a change promises to be 
advantageous. 
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Fig. 14. Magnetic-drum data-processing machine Type 


650 is an intermediate-capacity stored-program digi- 
tal computer that has seen service in missile design, DATA INSTRUCTION 
naval construction, etc. 

- s S 























PUNCHED RESULTS 











CONSOLE 
UNIT 


READ-PUNCH 
UNIT 
650 MAGNETIC DRUM DATA-PROCESSING MACHINE 


Table 1.—Development of Storage Capacity and 
Addition Time of Data-Processing Machines 





Calculator Date Storage Capacity Addition Time 
(Digits) {Microseconds) 

Automatic Sequence 

Controlled 1944 3,000 300,000 

Calculator 

Selective Sequence 1948 400.000 20.000 

Electronic Calculator ' ‘ 

701 1952 8,000,000 60 

Research Calculator 1954 50,000,000 14 


Naval Ordnace Fig. 15. NORC, one of the largest calculators ever 


constructed and in operation. 





Fig. 16. The Types 704 and 709 are IBM's most powerful computer. Magnetic tapes record 200 characters per inch. 
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New Product Preview 

COW Palace visitors are assured of a record WESCON Show, August 20-23, 
if the number and variety of products announced by manufacturers for first 
showing is an indication. Those items shown below provide the exhibitor’s 
booth numbers available at time of printing. Other new items, not released 
as Wescon features, begin on page 234. The Instruments Publishing Com- 
pany representatives will greet you in booth 615 with copies of INSTRU- 
MENTS and AUTOMATION. INSTRUMENT & APPARATUS NEWS and 
MILITARY AUTOMATION for your inspection. 


TAPE TRANSPORT 


New Model 546-53368 Digital Mag- 
netic Tape Transport selects any one 
of 10 closely regulated tape speeds 
(1.5, 2.25, 3, 4.5, 9, 15, 22.5, 30, 45, 
and 90 in/sec) by remote or local con- 
trol. Three-quarter-inch tape is used, 
on two 10 1/2 inch reels. Start-stop 
time is 6 milliseconds. Booths 3107-8. 
ElectroData Division of Burroughs’ 
Corp., Pasadena, Calif. 


For more information circle 301 on inquiry card. 





TRANSISTORIZED RADIACS 


New transistorized Model 420B is 
remote laboratory monitor, with 25 
feet of coaxial cable and built-in 
automatic alarm system. Can be used 
to monitor contamination in radio- 
isotope laboratories, hospital clinics, 
reactor installations, has interchange- 
able probes for alpha-beta-gamma 
detection. An automatic visual and 
audible alarm system can be preset 
to operate at any predetermined 
level of radiation. Also showing other 
radiacs and wide range of transist- 
orized power supplies, at booth 1206. 
—Universal Atomics, A division of 
Universal Transistor Products Corp., 
50 Bond Street, Westbury, L.I., N.Y. 


For more information circle 302 on inquiry card. 
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ELECTRONIC MDI 


PARAMI (Parsons Active Ring- 
around Miss Indicator) is a system 
for electronically measuring the sepa- 
ration between a target and missile in 
space. Its radial range is from 10 to 
3000 feet at line-of-sight distances to 
100 miles. A permanent time-history 
record of distance is produced at a 
remote recording ground station from 
which the closest approach of intecept 
can be established in less than fifteen 
seconds. 





Specific advantages of PARAMI 
system are said to include high order 
of reading sensitivity; inherent re- 
duction of errors; inflight system 
calibration; recording of ripple fir- 
ings; and mobile installations for un- 
instrumented ranges. System is effec- 
tive in training and in proof testing 
of missiles to verify compliance with 
performance specs. Booth 1330.—The 
Ralph M. Parsons Co., 151 South De 
Lacey Ave., Pasadena, Calif. 


r more information circle 303 on inquiry card. 














AUTOMATIC ANTENNA 
SELECTOR 


New automatic antenna selector is 
said to eliminate the effects of an- 
tenna shading in aircraft by alter- 
nately monitoring communications 
signals from multiple antennas and 
automatically selecting the correct 
antenna to provide uninterrupted re- 
ception, even under conditions that 
would normally cause severe fading. 
Weighing only 2.5 pounds, it com- 
plies with MIL-E-5400 and MIL-T- 
5422C specs. Booths 2617-8.—Auto- 
netics Div., North American Avia- 
tion, Inc., 9150 E. Imperial Highway, 
Downey, Calif. 


For more information circle 304 on inquiry card. 


TEST SYSTEM 


New Hi-Pot Impedance and Con- 
tinuity Test System for all types of 
electronic assemblies consists of 
master unit, hipot and continuity 
tester, impedance tester and two types 
of slaves (scanning units). A mini- 
mum system consists of a master unit, 
tester and slave. Additional testers 
and slaves can be added as required 
by the type and number of circuits 
and tests to be performed. The sys- 
tem can be quickly changed to a dif- 
ferent test setup by changing plug-in 
adapter harnesses. See in booth 2105. 
—Cal-Tronics Corp., 11306 Hindry 
Ave., Los Angeles 45, Calif. 


For more information circle 305 on inquiry card. 
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MAGNETIC AMPLIFIER 


New Micromag MMO-528 magnet- 
ic low-level DC signal amplifier fea- 
tures a built-in transistor oscillator 
which generates its own frequency, 
enabling operation directly from 28 
yde aircraft or missile source. De- 


signed for amplification of signals 
from thermocouples, strain gages and 
similar transducers, the amplifier 
achieves 5 vde output from 10 milli- 
volt de input signal, is temperature 
compensated from 0 to 60°C or to 
85°C on request. Meets MIL-E-5272A 
specs. Booth 2125.—Magnetic Re- 
search Corp., 3160 West El Segundo 
Blvd., Hawthorne, Calif. 


more information circle 306 on inquiry card. 


AIRBORNE AMPLIFIER 


New voltage amplifier, Model F- 
418, for use in missiles and aircraft, 


uses ruggedized subminiature tubes 
individually selected for low micro- 
phonics. The amplifier can be potted 
for special applications. Booths 
1412 and 1413.—Gulton Industries, 
Ine., 212 Durham Avenue, Metuchen, 
N. J. 


ore information circle 307 on inquiry card. 


MAGNETIC AMPLIFIER 


New type PA3C-1 Magnetic Ampli- 
fier is said to provide proportional 
temperature control of a 100-watt 
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The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TAKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TAKCAL circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 
system, with the circuit and tachometer paralleled to obtain simultaneous 
reading. 

The TAKCAL’s component parts are identical with those used in the 
J-Model JETcAL Analyzer. They are here assembled as a separate unit 
tester and for use with all earlier models of the JEBCAL Tester. 

The TAKCAL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 

For full information write or wire... 


B & H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. * Fort Worth 7, Texas 


IS YOUR JET ENGINE 
RPM MEASUREMENT 
ACCURATE AND SAFE? 


READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 


10 RPM in 10,000 RPM (0.1%) 


B & H makes the JETCAL® Analyzer 
and TEMPCAL® Tester 


Sales-Engineering Offices: 


VALLEY STREAM, L. I.: 108 So. Franklin, LO 1-9220 e DAYTON, OHIO: 209 Commercial Bldg., Mi 4563 e COMPTON, CAL.: 105 N. Bradfield St., NE 6-8970 


For more information circle 28 on inquiry card. 
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TERMINAL BLOCKS “lLef} ae line of 
molded, barrier type. in varied sizes, materials, 
and terminals. New "KLIPTITE" e (left 
bottom) with angled tabs made for A P, self- 
locking wire terminals. 


TOGGLE SWITCHES (Below): Aircraft type, 
Single and Double Pole. Bakelite housing. Screw 
terminals or soldering lugs. One-hole mounting. 
DC, or AC up to 1600 cycles. 

POWER OUTLETS (Below, right): Smallest 
made for standard plug. Mounts from top or 
— of bracket. g Idering terminals or wire 
leads. 


Catalog No.14 Sent On Request 


Instrument Motors’ policy of precision fabrication for each 
customer’s specific requirements is attainable because of our 
engineering staff's long experience with rotating components. 
At the same time we constantly stress quality, lowest possible 
costs and fastest deliveries, which are essential in today’s 
competitive industrial market. 


FRAME 22 


FRAME 16 


With never ending research, our engineers have produced 
instruments that are leaders in the field. 


@ PRECISION MADE A.C. & D.C. @ SERVO MOTOR GENERATORS 


MOTORS, TACHOMETER 


GENERATORS 


@ HYSTERESIS MOTORS 
HUNDREDS OF DESIGNS. . 


@ FRAME SIZES FROM 5" to 6” 


@ MILITARY SPECIFICATIONS 
ADHERED TO CAREFULLY 


. THOUSANDS OF VARIATIONS! 
Send for our illustrated catalog 


INSTRUMENT MOTORS 


460 NORTH AVENUE, NEW ROCHELLE, N. Y 





For more information circle 13 on inquiry card. 


NEW AT WESCON—Cont. 





heating element in response to a 1- 
ohm change in resistance of a tem- 
perature sensor in airborne applica- 
tions. Operates in ambient tempera- 
tures of —55°C. to 100°C. and exceeds 
all other environmental conditions of 
MIL-E-5272. See in booth 707.—Mag- 
netic Controls Company, 6405 Cam- 
bridge St., Minneapolis 16, Minn. 





For more information circle 308 on inquiry ca-d. 


WIRE MARKER 


New Mark-Matic wire marking ma- 
chine applies self-sticking, Perma- 
Code wire markers to as many as 





1000 wires per hour. Booth No. 1113. 
—W. H. Brady Co., 727 W. Glendale 
Ave., Milwaukee 9, Wis. 


For more information circle 309 on inquiry card. 


T-W AMPLIFIERS 


New permanent-magnet focused 
Types HA-28, HA-29, HA-30, and 
HA-31 will be shown in booths 503 
and 504. Maker’s low-level (10 mw) 
line now covers range from 1 to 12.4 
kme. Medium-power (1 w) amplifiers 
are also available in the S and X 





bands. Elimination of the solenoid and 
its associated supply results in over 
10-1 weight reduction. Focusing is by 
high coersive force ceramic magnets 
arranged in a periodic structure, en- 
abling operation without electrical or 
mechanical adjustments.—Huggins 
Laboratories, Inc., 711 Hamilton Ave., 
Menlo Park, Calif. 


For more information circle 310 on inquiry card. 


LIGHT-WEIGHT TWT 


New light-weight traveling wave 
tubes, including solenoid and perma- 
nent magnet types. Booth 2503A.— 
Geisler Laboratories, P. O. Box 252, 
Menlo Park, Calif. 


For more information circle 311 on inquiry card. 





TAPE READER 


New Tape-ard Reader supplies 80 
bits of information for each event 
without use of memory circuits by 
simultaneously reading a “frame” of 
8 x 10 perforations in 1” tape. The 





device is said to present new tech- 
niques for business machines, com- 
puters, and automatic testing equip- 
ment where: tape or card program- 
ming and data storage are used. See 
in booths 412-13.—California Tech- 
nical Industries, 1476 Old County 
Road, Belmont, Calif. 


For more information circle 312 on inquiry card. 


B-W OSCILLATOR 


New backward-wave oscillator sig- 
nal generator can be electronically 
swept to cover any part or all of its 
frequency range. The unit also has 
built-in square-wave modulator. Fre- 





.quency ranges, from .5 “to 15 kme. 


A completely new instrument, a Back- 
ward-wave Oscilloscope and Sweeper 
Unit, will also be shown. Booth 2503B. 
—Wave/Particle Corp., P. O. Box 
252, Menlo Park, Calif. 


For more information circle 313 on inquiry card. 


SPOT WELDER 


New heavy-duty spot-welding team 
consists of Model 1023 welding head 
and Model 1027 nower sunnlv. Said 





to feature adjustabie electrode pres- 
sures from 2 to 50 lbs, direct reading 
watt/second meter, and stepless heat 
control. Power supply with 3200-mc 
capacitance yields 250 watt/seconds 
available energy. Booths 805-806.— 
Weldmatic Division, Unitek Corp., 380 
N. Halsted, Pasadena, Calif. 


For more information circle 314 on inquiry card. 
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AC MILLIVOLTMETER 





New portable, battery operated, 
transistorized millivoltmeter is said 
to make accurate ac measurements to 
50 microvolts and to eliminate volt- 
age fluctuation effects and 60 cps 
“beating”. Twelve full-scale ranges 
between .001 and 300 vac are pro- 
vided as well as decibel coverage be- 
tween —80 and +52 dbm. Usable 
frequency coverage is provided be- 
tween 1 cycle and 5 mc. Accuracy is 
+3% between 5 cycles and 1 mc. In- 
put Z 22 megohms. Booth 106.—Fisher 
Research Laboratory, Inc., 1961 Uni- 
versity Ave., Palo Alto, Calif. 


For more information circle 315 on inquiry card. 


DIFFERENTIAL AMPLIFIER 


New Model DA-101 Wide-band Dif- 
ferential Amplifier handles low-level 
signals, including pulse signals, with- 
out noise or hum pickup. Static com- 





mon-mode rejection is greater than 
100,000 to 1. Gain is adjustable in 
steps from 100X to 2000X, with a gain 
accuracy of 0.1%. Linearity is 
+0.05%. Booths 2815-6.—Epsco, Inc., 
588 Commonwealth Ave., Boston 15, 
Mass. 


For more information circle 316 on inquiry card. 


ENVIRONMENTAL CHAMBER 


New —200°F. chamber equipped 
with Freon 14, 13, and 22, will be 
shown in booth 807 with information 
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on other new models of environment- 
al chambers, such as altitude, tem- 
perature, and humidity.—Conrad, 
Inc., 141 Jefferson St., Holland, Mich. 


For more information circle 317 on inquiry card. 


1 KW CERAMIC TETRODE 


New Eimac 4CX10000A ceramic 
radial beam power tetrode rated at 





oe ae x 


1000 watts plate dissipation and de- 
signed for single sideband operation. 
Booths 1706, 1727-28.—EKitel-McCul- 
loughs, Inc., San Bruno, Calif. 


For more information circle 318 on inquiry card. 


OSCILLOGRAM READER 


New Oscillogram Reader is said to 
reduce linear or non-linear, opaque 
or translucent oscillograms to data, 





prepared for plotting, typing, tape 
perforating or card punching.—Tele- 
computing Corp., 16217 Lindbergh 
St., Van Nuys, Calif. 


For more information circle 319 on inquiry card. 


OSCILLOSCOPE 


New Type RM16 is a dc-to-me 3” 
rack-mounting oscilloscope measuring 
only 7” high, 19” wide, 16%” rack 
depth. A single knob is used to select 
any of 22 calibrated sweep rates from 











Another New’ 


CPI thermal switch 
It’s the versatile FLat-SIAT 


4 ‘This néw, highly sensitive, light weight, 
(weighs slightly more than % ounce) 
flat thermostatic switch is adaptable 
to signal unsafe surface or internal 
temperature of transformers, relays 
etc. as well as to control air 
conditioners in planes, and on motors 
and heaters. Because it is 
hermetically sealed, this new Flat-Stat 
can be immersed in non-conductive 
liquids to control temperatures in baths. 


The Flat-Stat is available in 2 Amp. 
and 6 Amp. models. Calibration 
temperature range is -20°F to +650°F 
with momentary overshoot to 800°F. 
Standard tolerance is +10°F but can be set to 
+5°F if necessary. Repeatability 
is approximately +1°F. 





















Wherever the need calls for a small, 
extremely accurate switch, 
investigate this new CPI Flat-Stat. 














Plugstat Connector 
Thermal - Type 
Switch 


Plugstat 


— 










Three-wire 
Cartridge 
Type 


One -wire 
Cartridge 
Type 


" “ “Ask our representative 
to tell you how CPI can help you solve 
your temperature control problem—and remember 
—when temperatures are high (or low) youcan depend on CPI 
Write for complete engineering data. 
Ask for catalog MA. 


Certiol products, inc. 


HARRISON, N. 3. 
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For more information circle 31 on inquiry card. 










to keep ahead, 
the leaders rely on leaders 


Trio Model D 
AC VTVM in 
Packard-Bell’s 
Missile Tester ,; 
Console 


© PACKARD BELL ELECTRONICS 

designs-in with | 

panel-mounting miniature 
electronic instruments 


Write for FREE ENGINEERING GUiDE 
on Trio’s complete line to Dept. MA-7 
Trio Laboratories, Inc., Seaford, N. Y. 


when ordinary instruments are 





too big or 


inadequate .. . t rio 














For more information circle 32 on inquiry card. 








Just off the press... 


ONE HUNDRED ELECTRONIC CIRCUITS 


Volume | 
Milton H. Aronson and Charles F. Kezer 


COVERS 


Power Supply Circuits Test Instrument Circuits 
Amplifier Circuits Phase Shifters 
Oscillator Circuits Alarms 

Pulse Circuits Controllers 


INSTRUMENTS PUBLISHING CO., 845 Ridge Ave., Pgh 12, Pa. 


$2.00 postpaid 








| PRECISION LAMINATIONS 
3, 10 to 14 DAY 
DELIVERY ON 


experimental or pilot runs 





Burr-free flat and concentric laminations. 
Lamination Dies—Carbide, Hi-Carbon, Hi-Chrome. 


DANCO TOOL & MOLD CO. 


PHOENIXVILLE, PENNSYLVANIA 
GATEWAY TO VALLEY FORGE 

















WELLINGTON 3-7184 











For more information circle 34 on inquiry card. 
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0.2 usec/div to 2 sec/div. Four-way 
triggering provides amplitude-level 
selection with either preset or manual 
stability control, fully automatic 
triggering, and high-frequency sync. 
Booths 1701 and 1702.—Tektronizx, 
Inc., PO Box 831, Portland 7, Ore. 


For more information circle 320 on inquiry card. 


STABILIZED OSCILLATOR 


New Model 815 X-band Ultra-stable 
oscillator covers 9000 to 10500 mega- 
cycles. Delivering from a 40/U choke 





flange, maker claims short-term sta- 
bility of five parts in 10° and long 
term stability of one part in 10° ob- 
tained by means of an invar reference 
cavity and a high gain, low-noise feed- 
back amplifier. See in booths 2808-9. 
—Laboratory for Electronics, Inc., 75 
Pitts St., Boston 14, Mass. 


For more information circle 321 on inquiry card. 


PANEL METERS 


New Hoyt high-visibility Panel 
Meters in anti-static, clear poly- 
styrene cases now feature custom 
matched colors on the lower frosted 





panel for functional identification. 
Available in all standard ac and de 
scales, see in booth 2219.—Burton- 
Rogers Company, 42 Carleton St., 
Cambridge 42, Mass. 


For more information circle 322 on inquiry card. 


INTERVALOMETER 


New CMC Model 251-A time in- 
terval meter is designed for precise 
measurement of elapsed time between 
two events occurring in the range of 
3 microsec to 1 sec. Optional features 
permit extension to 10 or 100,000 
seconds. Booths 904-905.—Computer- 











Measurements Corp., 5528 Vineland 
Ave., North Hollywood, Calif. 


For more information circle 323 on inquiry card. 


FREQUENCY METER 


New Model 503 transistorized Meter 
provides direct frequency measure- 
ments from 3 to 100,000 eps in nine 
separate ranges. Accuracy is claimed 





completely independent of input volt- 
age waveform and amplitude in both 
battery and ac operation, a transist- 
orized regulator preventing voltage 
variations from affecting measure- 
ment accuracy. Where tachometry is 
the primary requirement, the Model 
503A Tachometer provides direct cali- 
bration from 60 to 6,000,000 rpm. 
Booth 1310.—Cubic Corp., 5575 
Kearny Villa Road, San Diego 11, 
Calif. 


For more information circle 324 on inquiry card. 


DELAY LINE 


New Signal Enhanced Delay Line, 
to be seen in booths #609-610, consists 
of several sections, each composed of 
a delay line, an amplifier, a video 
transformer, a clipping diode and a 
cathode follower. Improvement in 
pulse fidelity resulting indicates ap- 
plications in demodulators for pulse 
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code trains as in Air Traffic Control 
systems and in computer operation 
where narrow pulses permit increase 
in rapidity of calculation—Packard- 
Bell Electronics Corp., Technical 
Products Div., 12333 W. Olympic 
Blvd., Los Angeles 64, Calif. 
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MULTIPLE CONNECTORS 


New single-drawer application of 
Deutsch rack and panel connectors in 
multiple mountings on cam-locked, 
push-in drawers will be shown in 






OOO 
~OO 





booth 2510. All of the units connect, 
lock, and seal environmentally when 
the drawer is pushed in. All connec- 
tions are broken simultaneously when 
the drawer is opened.—The Deutsch 
Co., 7000 Avalon Blvd., Los Angeles 
3, Calif. 
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BLOWER 


New Model B350 blower recesses in 
base of Amco Modular frames to pro- 





vide 350 cuft/min filtered air. Will be 
shown in booths 3217 and 3218.— 
Amco Engineering Co., 7333 W. 
Ainslie St., Chicago 31, IIl. 
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RESISTORS 


New line of Type ME Metal Film 
Resistors in ratings of %, %, %, 1, 
and 2 watts, are said to combine high 
accuracy and stability with low and 
controllable temperature coefficients. 
Also low capacitance and inductance 
values permit their use in high fre- 
quency applications. Also, other new 
developments in booths 521-2.—In- 
ternational Resistance Co., 401 North 
Broad St., Philadelphia 8, Pa. 


For more information circle 328 on inquiry card. 
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BLOWER DESIGN 





A new device assists electronic de- 
signers in getting the most efficient 
cooling possible for planned equip- 
ment installations which incorporates 
interchangeable blower parts and 
set-ups. Booths 916-17.—Air-Marine 
Motors, Inc., Amityville, N. Y. 


For more information circle 329 on inquiry card. 


CABLE BREAKOUT 





New strain relief breakout for 
multiconductor neoprene jacketed ca- 
ble assemblies features potted con- 
struction, strength, light weight, and 
minimum space. Booth 2412.—Paci- 
fic Automation Products, Inc., 1000 
Air Way, Glendale, Calif. 
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VOLTAGE REGULATOR 


New Stabiline Automatic Voltage 
Regulator type EM10009, designed for 
400 cycle applications, is suited for 
low temperature operations and ap- 
plications which demand a constant 
output voltage with zero waveform 





distortion. Originally produced for 
radar control, it meets specification 
MIL-E-4158. On display at booth 
numbers 2109 and 2110 with other 
Stabiline Models and 400-cycle Power- 
stats—The Superior Electric Co., 
83 Laurel St., Bristol, Conn. 


For more information circle 331 on inquiry card. 








VAN'T 


A FIX 





“Where am I?” 

The success of the mission, the 
safety of both pilot and plane 
depend upon the correct answer 
to this question. 


Supplying that answer 
instantaneously is the vital 
function of automatic ground-based 
radio direction finding and 
airborne navigation systems. 
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The newest multi-engined radar. picket 


planes are guided with a course 


continuously plotted by automatic, airborne 


navigation systems designed and 
manufactured by Servo Corporation 


of America. Radio direction finding systems 


produced by Servo Corporation 


of America range from compact, mobile 
systems to permanent, remote-controlled 


direction finding stations. 


Information on Servo Corporation 


of America’s automatic radio direction 
finding systems, and automatic navigation 
systems is available to you. Simply request, 
on your company letterhead, RB-9906-56A 


Servo Corporation of America, 20-20 Jericho Turnpike, New Hyde Park, L.I., N.Y. 
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The First intl The Second 
COMPUTER HANDBOOK COMPUTER HANDBOOK 
Include: Magnetronic Data Handling 


Industrial Uses of Special-Purpose Basic Applications of Analog Computers 
Compute Data Processing with a Quasi-Random- 
Industrial Uses of Analog Computers Access Memory 


Industrial Control of Rolling Mill The UNIVAC and UNIVAC Scientific 


Schedule > S 
A Practical Approach to Analog — General Purpose Digital 
Computers omputer 
Process Control and the Analog Electronic Data-Processing Machines 
Computer The G-15 Digital Computer 
Digital Computers—General Purpose Office Automation 
and DDA 


$2.00 each, postpaid 





ONE HUNDRED 
* ELECTRONIC CIRCUITS 








Volume | (circuits 1-100) 
Milton H. Aronson Charles F. Kezer 


COVERS 
Power Supply Circuits Test Instrument Circuits 
Amplifier Circuits Phase Shifters 
Oscillator Circuits Alarms 
Pulse Circuits Controllers 


' $2.00 postpaid 








NUCLEAR REACTORS FOR 
& INDUSTRY AND UNIVERSITIES 


written by eight eminent authorities 
and edited by Ernest H. Wakefield 


CONTENTS 





Chapter |. Nuclear Reactor Types 
Chapter Il. Availability and Selection 
Chapter Ill. Radioactivity Measurement 
Chapter IV. Radiation Protection 
Chapter V. Reactor Control 

Chapter Vi. Instruments for Experiments 
Chapter Vil. Cost Study 

Chapter VIII. Legal Aspects 


APPENDIX—Glossary of Terminology, Cloth, 102 pages, photos and diagrams, 
4-page index, 
$2.00 postpaid 








Instruments Publishing Company 
845 Ridge Avenue, 
Pittsburgh 12, Pennsylvania 


Please rush me [(]1 [2 (3 

C The First [] The Second [] Both COMPUTER HANDBOOK (s) @ $2.00 each 
(C) One Hundred Electronic Circuits @ $2.00 

( Nuclear Reactors for Industry and Universities @ $2.00 

C) payment enclosed C bill me 


Ta a ceri treat g — 
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NEW AT WESCON—Cont. 
DC-AC CONVERTERS 


New 750-watt refrigerator-appli- 
ance automatic marine converter (il- 
lustrated) runs appliances aboard 
small boats from DC or battery power. 
Weight 65 pounds. Output 750 watts. 








Seven models operate automatically 
on from 24 to 230 v de input to pro- 
vide power when called for by appli- 
ance. Also 20, 40, or 60 watt de to 
ac Geneverters and 40 to 150 watt 
Mark II Super Converters. At booth 
No. 2616.—Carter Motor Co., 2704 W. 
George St., Chicago, IIl. 


For more information circle 332 on inquiry card. 


SHOCK MOUNT 








New L44 vibration isolator is avail- 
able in 7 load ranges from 0.25 to 
10 pounds per mount. Features full 
compliance with MIL-C-172B plus 
friction damping and _ independent 
horizontal damping. Booths 1805-6. 
—Barry Controls Inc., 880 Pleasant 
St., Watertown 72, Mass. 


For more information circle 333 on inquiry card. 


LIGHTWEIGHT LOCKNUTS 








|e is 


New lightweight steel locknuts 
now available in the 10-32 and 4-28 
sizes, are said to save up to 49% 
weight with holding strength of con- 
ventional locknuts. Booths 3213-14 
—Standard Pressed Steel Co., Jenkin- 
town, Pa. 

For more information circle 334 on inquiry card. 





TEST CHAMBER 


New ten cubic foot environmental 
test chamber designated the Tenney 
Ten model. Temperature limits avail- 














é é oa 4 
able are from —120°F to +350°F. 
Relative Humidity to meet military 
cycling specifications is optional. 
Booth 918.—Tenney Eng., Inc., 1090 
Springfield Rd., Union, N. J. 


For more information circle 335 on inquiry card. 


SUN BATTERY 


New selenium Sun Battery, con- 
sisting of nine 6” x 6” B-60 selenium 
cells developed to convert solar ener- 
gy to electrical current for a wide 





variety of applications where size is 
uot a critical factor. Per milliwait of 
output, the initial cost of this selen- 
ium sun battery is said to be fifty 
percent less than those of other semi- 
conductor materials. Booths 1501-2.— 
International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
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FREQUENCY DETECTOR 


New Magmeter type F-5116 fre- 
quency detector has range to 10 KC, 
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said to be twice the frequency range 
heretofore available. These detectors 
are used in instantaneous pulse rate 
indicators, electronic tachometers, di- 
rect-reading frequency meters, and 
automatic speed controls. Operates 
directly from 115-v line or from a 
vacuum tube driver. Booths 416-17.— 
Airpax Products Co., Fort Lauder- 
dale, Fla. 
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ACCELEROMETER 


New type 940 accelerometer first 
used in a toss bombing control system 
is said to cover a wide range of static 
or uniformly varying type of acceler- 
ations. Potentiometer or inductive 





type pick-offs, and variations of con- 
formation, G-ranges, natural fre- 
quency and damping will be developed 
to meet special customer require- 
ments. Booths 3021-2.—Fairchild 
Camera & Instrument Corp., Robbins 
Lane, Syosset, Long Island, N. Y. 


For more information circle 338 on inquiry card. 


MAGNETIC FOIL 


New Netic and Co-Netic magnetic 
shielding now available on lightweight 
flexible foils for low and high fre- 


re 





quencies at low intensities. Uses are 
claimed in component fabrication, 
packaging, laboratory shielding (used 
as wallpaper); can be painted or ce- 
mented; retains shape when formed 
and folded. See in booth 3018.—Mag- 
netic Shield Div., Perfection Mica Co., 
1322 N. Elston Ave., Chicago 22, IIil. 


For more information circle 339 on inquiry card. 
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DECADE COUNTER WITH 
NIXIE READOUT 


New Decade Counter made up of 
Beam Switching Tube Type 6700 and 
Nixie Indicator Tube Type 6844, the 
unit displays numerical information 
that is directly controlled by a single 
counter tube. Plug-in units have a 








minimum panel height (37”), are 
visible 30 to 40 ft, and may be cas- 
caded to provide any desired count 
capacity with provisions for manual 
and electronic zero setting. Booths 
3121-23.—Electronic Tube Div., Bur- 
roughs Corp., Plainfield, N. J. 


For more information circle 340 on inquiry card. 





COUNTERS 


New cempact internal-pinion-type 
counters available in two, three, four, 
five and more digit versions are capa- 





ble of operating at speed above 500 
rpm. Models 500097 and 500098 will 
be shown at booth 709.—Bowmar In- 
strument Corp., 2415 Pennsylvania 
St., Fort Wayne, Ind. 


For more information circle 341 on inquiry card. 


PRINTED CIRCUIT LAMINATES 


New copper-clad laminates for 
printed circuits including: FF-89— 
a new flexible glass epoxy laminate; 
Cirprint—for volume manufacturers 
exceeds NEMA standards for XXP, 
has insulation resistance of 250,000 
megohms. It is available in sheet 
sizes to 36” x 96” with thicknesses 
ranging from 1/32” to 4”; FF-91-1 
—for high flexural strength at ele- 
vated temperatures; heat resistance 


Specialists in the Unusual 










To fill a need for high temperature 
insulation in a high conductivity wire. 
Precision drawn to close resistance 


control in the smaller sizes. 


y ‘2 
nas Vy VERNON 


Write for List of Products 


it 6 Oe 
INSULATION AT 800°F. 


HIGH DIELECTRIC COATING ee 


SIGMUND COHN CORP. 


121 SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y. 
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AUTOMATIC ELECTRONIC 


MICROMETER 


Unexcelled for high-speed, direct precision measurement 
of anything fragile or compressible . . . conducting or non- 
conducting. Widely used on: 


SEMICONDUCTORS DEPOSITED FILMS 
GRIDS CLOSE TOLERANCE PARTS 
COATED CATHODES DIAPHRAGMS 


Negligible measuring pressure. Send for FREE BULLETIN 
4005, 


J. W. DICE COMPANY 


Englewood 19, New Jersey 


For more information circle 38 on inquiry card. 
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CRCA Series "200" Resistors 























GRaUa tre l Dimensions Precision Wire Wound. 
; | RB# - Stain 2itnin —————~F 1% to .005% Accurate. 
MIL- Terminals __| Watts Dia. | Length 003% Stable. +5 ppm/ 
O14 RI3A Direc- | (Comm) (inch) | (inch) °C Temperature Coeffi- 
Code tion | Type a cients. Epoxy Encapsula- 
2; ' 9 . |u&;Ww | 2 | 675 | 2.250] tion. Meet MIL-R93A 
2 | — ~ 8g R | 33 1.25 | : 687. | oa 1.375 = rete cml ma 
4 : ? -—s. Ya eae —,—— —J] of stan ypes. bs 
; ia ME s i Hf sll aol 532° __|___ 1.062 __] Special Delivery service. 
} 2 | 7 = 6 A except — 7 “i 532* | -687 = Also: High accuracy Re- 
2| | 5 OT; OS -50 | 532* | 532 sistance Networks, Dec- 
: 2 s 71 © 20 | 32 —~*# | ‘500. | ades, Voltage Dividers & 
Actual is - Ww iS | .250 312 | ~-Wheatstone Bridges. 
Size = a ns ae _ 
2 6 38 A 10 | .187 | 562 











R—Radial in phase; P—Radial, 180° out of phase; A—Axial (may be off-center unless specified); 
O—One Sided; L—Solder Lug; W—Wire lead (#20 or #22); T—Tap (44-40 x '/e"' dp.); S—Screw 
(74-40 x %"' I.) 
identification Examples: CRCA Type 217PS:—!I Watt; out of phase radial screw terminals. 
CRCA Type 2ISAW-RL:—.5 Watt; One axial wire lead. One radial lug terminal. 


CONSOLIDATED RESISTANCE CO. of AMERICA, INC., 44 Prospect Street, Yonkers, N. Y. 
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The Electronic 
Control Handbook 


By RALPH R. BATCHER, E.E. 


Radio Engineering Consultant, Consulting Editor 
Electronics Industries 


and WILLIAM MOULIC 


Associate Editor Electronic Industries. 


Paper, 534x834 inches, viii + 344 pages. 295 illus- 
trations, numerous tables. References at end of each 
chapter, and Bibliography. 6-page Index, 1946. 


Presents electrical and electronic principles appli- 
cable to Measurement and Automatic Control, in a 
manner that will permit analysis and synthesis of 
control systems. 


$2.00 postpaid 
Published by Caldwell-Clements, Mc., New York 
SOLD BY 
Instruments Publishing Co. 


845 Ridge Ave., Pittsburgh 12, Pa. 


NEW AT WESCON 














Second Edition Now Available 


Mechanical Measurements 
by Electrical Methods 


Serialized in /nstruments under the title 


“Electric Gaging Methods” 
By HOWARD C. ROBERTS 


Special Research Associate Professor of Civil Engineering, Uni- 
versity of Illinois (for many years in Research Lab., A.R.A.). 


Typical of the comments received while 
this book ran as a serial in Jnstruments: 


“. .. I appreciate the thoroughness with which the 
subject is being treated.” “We are sure that your 
articles will be widely read, for it is a subject certainly 
in need of the correlation you are giving it.” “. .. I 
am glad to find that you have done so exhaustive a 


job on the subject.” 


ORDER THIS UNIQUE BOOK NOW 


$2.00 postpaid 


Remittance must accompany order 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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to solvents and strong alkali solu- 
tions. See in booths 3302-3.—Formica 
Corp., 4614 Spring Grove Ave., Cin- 
cinnati 25, Ohio. 


For more information circle 342 on inquiry card 


MAGNETIC COUNTER 


New Model MCRP-700 is a compact, 
high-speed, precision counter to add 
or subtract electrical pulses with elec- 
trical reset to any predetermined 
number. Can be furnished as a three, 


rs 
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four, or five digit counter with any 
combination of add, subtract, and 
microswitch control at zero level. See 
in booth 3212,—Photocon Research 
Products, 421 North Altadena Drive, 
Pasadena, Calif. 


circle 343 on inquiry card. 


MISSILE BATTERIES 


New line of silver-zine cells rang- 
ing from stamp-sized HRO1, to 300- 
ampere-hour LR300, are said to pro- 
vide up to five times more power 


For more information 


batteries. 


similar-sized 
Can serve as basic sources of high- 
voltage energy in missiles for servo 
controls and guidance systems. Booth 
2615.—Yardney Electric Corp. 40-50 
Leonard St., New York, N. Y. 


than other 


For more information circle 344 on inquiry card. 


CERAMIC MAGNETS 
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New Indox V barium-ferrite cer- 
amic permanent magnets, said to be 


3% times stronger than present cer- 
amic magnets, and to require less 
space, weight to do the same job, 
contain no critical materials—The 
Indiana Steel Products Co., Valpa- 
raiso, Ind. 


For more information circle 345 on inquiry card. 


POTENTIOMETERS 


New Series 49M miniaturized wire- 
wound potentiometers, are said to 
have higher dielectric strength; ex- 






ceptionally low are %” X %” 1.5; 4 
to 20,000 ohms. Booth 1326.—Claro- 
stat Mfg. Co., Inc., Dover, N. H. 


For more information circle 346 on inquiry card. 


COMPUTER UNITS 





New transistorized “P series” plug- 
in and “C series” cartridge assem- 
blies for computer circuits, including 
binary counters, triggers, delay mul- 
tivibrators, and dual emitter follow- 
er amplifiers, in epoxy encapsulated 
units will be shown in booth 501.— 
The Walkirt Co., 141 West Hazel St., 
Inglewood 3, Calif. 


For more information circle 347 on inquiry card. 


BOLOMETERS, THERMISTORS 


New broadband disc bolometers for 
coaxial detectors, Models N603 and 

















N603-4.5, and a new broadband lig 
thermistor, Model N335, all covering 
the frequency range from 500 to 10, 
000 me, will be shown in booths *17ftronic 
and 818, with other microwave <‘pef. 
cialties—The Narda Corp., Mineola 

E. dae 3 
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WAVEGUIDE SWITCH 


New miniature waveguide 3-posi- 
tion switch will not change position 
if power fails. Available in Xs anj 





squar 
4 Bsure 
X. band series, r-f and pressurizedform!' 
fittings are built into switch, givinggttans! 
up to 20 pounds of pressurization nullin 
throughout. At booth No. 2822.—Air. electr 
tron, Inc., Dept. C., Linden, N. J. _ 


For more information circle 349 on ‘nquiry card 
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ASSEMBLY MACHINES 


New machines are capable of in- 
serting different types of components 
into printed wiring boards. Several Ne, 
models of Dynasert semi-automatic B than 








wrap 
alum: 
tery 
‘ : * Ement. 
machines, including the illustrated Boot} 
No. 3 Component Inserting Machine, Free; 
will be demonstrated in booths 1219 For m, 
20.—United Shoe Machinery Corp, 
140 Federal St., Boston, Mass. 


For more information circle 350 on inquiry caré ELE 
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SILICON DIODES _ 
di 
New silicon diodes have operating§ eps ¢ 


voltages extending to 200 v, and opf+3 
erate in temperatures to 150°C. CalByides 
often directly replace germanium 095, 5 
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vacuum types in military computers 
where temperatures are critical. See 
in booth #2801-02.—Transitron Elec- 
tronic Corp., Melrose 76, Mass. 


For nore information circle 351 on inquiry card. 


NONLINEAR POTENTIOMETERS 


New nonlinear precision wire-wound 
potentiometers for sine-cosine and 








square-law functions are said to as- 
sure high resolution and close con- 





formity for generation of functions, 
transmission of angular information, 
nulling in nonlinear systems, and 
electro-mechanical data conversions. 
Meet military specifications. Booth 
2720—Ace Electronics Associates, 
Inc., Somerville, Mass. 


For more information circle 352 on inquiry card. 


WAFER DRY CELL 


New cell, said a third more powerful 
than conventional flat cells, is made 





by machine. 15 wafers stacked and 





wrapped with plastic are sealed in 
aluminum tube to make 22% volt bat- 
tery for transistorized test equip- 
ment, radios, Geiger counters, etc. 
Booth 1327.—Burgess Battery Co., 
Freeport, Jil. 


For more information circle 353 on inquiry card. 


ELECTRONIC KILOVOLTMETER 


New kilovoltmeter is designed to 
measure voltages of waveforms, in- 
cluding pulses at frequencies of 10 
cps to 20 megacycles with accuracy of 
+3 per cent; linear meter scale pro- 
vides full-scale readings of 2.5, 5, 10, 
25, 50, and 100 kilovolts. A jack is pro- 
vided on front panel to permit use of 
an oscilloscope for visual observation 
of waveforms. Booths 1516-17—Jen- 
nings Radio Mfg. Corp., Box 1278, 
San Jose, Calif. 


For more information circle 354 on inquiry card. 
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TRANSPARENT PHOSPHORS 


New phosphor applied in an ex- 
tremely thin “molecular” transparent 
layer, permits spot and line resolution 
to approach the diameter of the elec- 
tron beam.—General Electric Co., 
Schenectady 5, N. Y. 


For more information circle 355 on inquiry card. 


TRANSISTORIZED AMPLIFIER 


New transistorized carrier amplifier 
will deliver an output of approxi- 
mately 9/10 watt into a 70 ohm load, 
with distortion of 2%. Input can vary 
from 0 to 100 millivolts; input imped- 
ance is approximately 20,000 ohms. 
Required power supply voltage is 28 v 
+2 v at approx. 500 ma and 150 vde 
at 30 ms. Booth 3010.—Rheem Elec- 
tronics Div., 7777 Industry Ave., 
Riviera, Calif. 


For more information circle 356 on inquiry card. 


CRYSTALS 


New hi-temperature, hi-stability 5 
me crystal, also Sapphire Mount de- 
lay lines with intervals from 3 to 4500 
microseconds, and new type crystal 
ovens. Booth 1725.—Bliley Electric 
Co., 200 Union Station Bldg., Erie, 
Pa. 


For more information circle 357 on inquiry card. 


FUNCTION PROGRAMMER 


New function programmer provides 
switching as well as potentiometer 
control of electrical and electronic 
circuitry in relation to time. Reduc- 
tion-gear speed-regulated d-c motor 
moves contacts at constant speed. 
Tests subjected programmer to vibra- 
tion up to 20G between 20 and 2000 
cps in three planes, acceleration up to 
50G in six directions, and 100G of 
shock for 1.3 milliseconds in six di- 
rections. Booth 2130.—Hubbard Scien- 
tific Labs. Inc., 1292 East Third St., 
Pomona, Calif. 


For more information circle 358 on inquiry card. 


R-F SIGNAL GENERATOR 


New Model 82 Signal generator is 
designed for general laboratory and 
field work where high accuracy is 
required. Power chassis and five plug- 
in oscillator assemblies cover most- 
used portions of spectrum from 20 to 
3000 mc; CW and pulsed output, 2.3 
microvolt to 22.5 v, variable from 
—80 to +43 dbm; stability, +0.1%; 
accuracy +0.5%. Also other r-f test 
instruments.—BJ Electronics, Borg- 
Warner Corp., 3300 Newport Blvd., 
Santa Ana, Calif. 


For more information circle 359 on inquiry card. 





New, lightweight, IDL shaft angle 
converter converts rotary motion into 
coded system of numbers for use in 
airborne, military and industrial ap- 
plications. It provides a binary deci- 
mal read-out of 1 in 3600 counts at 
40 codes per revolution of the input 
shaft. Max. speed 300 rpm. Booth 
2907.—Instrument Development Lab- 
oratories, Inc., 67 Mechanic St., Attle- 
boro, Mass. 


For more information circle 360%on inquiry card. 


BISTABLE DIODE 


New Shockley Low-power four-lay- 
er switching diode, a two-terminal 
silicon device, has two states: when 
driven to its closed (1 to 10 ohm) 
state by application of a voltage 
greater than the critical breakdown 





point, it will continue conductive so 
long as a current greater than a crit- 
ical holding current (about 25 ma) is 
maintained. When the current is re- 
duced below the holding value, the 
device regains its open (1-100 meg- 
ohm) state. Booth 1406.—Shockley 
Semiconductor Lab., Beckman Instru- 
ments, Inc., 137 San Antonio Rd., 
Mountain View, Calif. 


For more information circle 361 on inquiry card. 


COMPONENT CLIPS 


New line of clips for mounting on 
printed circuit boards, with excellent 
holding features under vibration and 
shock, are capable of taking’ five 90 
deg. bends without fracture. Of beryl- 
lium copper, finished by electro-tin- 
ning over copper flash, clips maintain 
tight grip on components over wide 
vibration range. Booth 404.—Atlas 
E-E Corp., 47 Prospect St., Woburn, 
Mass. 


For more information circle 362 on inquiry card. 





Model F3N2U-3C: Single-phase, 115 volts, 
1.0 mfd. cap., variable frequency, .5 amps. 


NEW Variable Frequency 
Axial-Flow Fan 






























Precision, 
Performance, 
Price — 


Get All 3 
at EAD 


Spent Frequency |, Air Delivery 
PM CPS CFM @ 0° S.P. 
2750 50 70 
3300 60 84 
4100 80 105 
5000 100 128 
4100 200 105 
3600 300 92 
3500 400 89 
3300 84 














Operates 


Over Full 
Frequency 
Range 
(50-450 cps) 
Without 
Switching 
or Relays! 


Write for Complete 
Information Today 





355 CENTRAL AVENUE ® DOVER, NEW HAMPSHIRE 
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The best book of its kind—not only on Glass 
Blowing but on hundreds of techniques” 


Scientific and Industrial 
Glass Blowing and 
Laboratory Techniques 


By 


WILLIAM E. BARR and VICTOR J. ANHORN 
Gulf Research and Development Co. 


This book appeared in serial form in Instruments 
from December 1945 to November 1947 (both inclu- 
sive) and was hailed in many laboratories and plants 
as “the last word on a hundred and one useful sub- 


Skilled Technician Barr and Scientist Dr. Anhorn 
have jointly written the MOST INFORMATIVE 
book on glass blowing ever prepared. 


Not only is construction explained in detail, but the 
operating principles of all pieces of apparatus are 
also explained. 
380 PAGES 


212 FIGURES, most consisting of 
several diagrams, total over 300. 


24 TABLES. EXPERTLY-COMPILED INDEX. 


$6.00 postpaid 


Remittance must accompany order 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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for MICROWAVE | 
SIGNAL ANALYSIS 


of radar communications 
equipment and components | 





Den 


VECTRON SA30 SERIES 
MICROWAVE SPECTRUM ANALYZER 


Clearly and accurately displays: | 
Frequency of carrier and side bands | 

Undesired frequencies generated 

Relative power of all signals | 

Details of intermittent signals. 


SA3OWR-1 = 2,000 to 12,000 me/s 
Direct Reading Dial 
Recommended for laboratory or produc- 
tion use where wide frequency coverage 
is needed and moderate frequency ac- 
curacy (0.5%) is required. | 


| 
SA30X5 8,500 to 9,660 me/s | 
Direct Reading Dial | 

Frequency Accuracy 0.05% or better | 
Ideal for use in design, production and | 
maintenance facilities where major re- 
quirements are fast, accurate readings 
within its frequency range. 

THE SA30 SERIES IS LIGHTER: — uses 
all aluminum construction in a port- 
able 80 Ib. bench-top unit or as two 
rack-mountable assemblies. 











SEND FOR 3. 
BULLETIN i 
NO. SA30 
OR PICK UP 





YOUR COPY AT | 


Booth #1807 


WESCON SHOW 
AUGUST 20-23 


Cow Palace, San Francisco 


West Coast Representatives: 


Calif., Ariz., Nev.: J. T. HILL CO. 

Wyo., Utah, Colo., N. Mex.: GATES CO, 

Wash., Ore., Mont., Western Canada: 
ARVA—RON MERRITT 


VECTRON, inc. 


Electronic and Electreo-Wechanical Cguypment | 
1568 Trapelo Road * Waltham 54, Mass. | 
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Also see 

NEW AT WESCON 
products beginning 
on page 224 








CATHODE-RAY RECORDING SYSTEM 





New Model 204 Dynamic 4-channel 
recorder designed for thrust, pres- 
sure, and temperature measurements 
in the field includes bridge elements, 
amplifiers, cathode-ray oscillographs, 
automatic calibrators, crystal-con- 
trolled time standard, drum ramera, 
and camera-and calibrator-control and 
synchronizing circuits. 

The basic circuitry of the ampli- 
fiers consists of a 50 ke electronic in- 
verter and ac amplification stages 
which permit the use of stable dc- 
excited transducer bridges while us- 
ing stable ac amplifiers to accurately 
record signal frequencies down to de. 
Two or more 204’s can be synchro- 
nized to record additional channels. 

Performance specifications: Sensi- 
tivity—0.001 volts/inch peak to peak; 
Drift (referred to input)—100 mi- 
crovolt/hour; Noise (referred to in- 
put)—20 microvolt/hour rms; Fre- 
quency Response—0-5000 cps (Model 
204 D) or 0-20,000 eps (204A).— 
Allegany Instrument Company, Inc., 
1091 Wills Mountain, Cumberland, 
Md. 
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SYNCHRO INDICATOR 


New aircraft synchro indicator 
(Type 26800), meeting military spec- 
ification I-25540A, designed for 26 
vac 400 c. operation, weighs less than 






Wb thy, P| 


3 oz. Dials are available for aircraft 
installation to indicate compass head- 
ing, flap, wheel or other component 
operating positions. Both dials and 
pointers are available in various fin- 
ishes, such as matte white, fluores- 
cent, or radium.—Bendix Aviation 
Corp., Montrose Div., Montrose, N. Y. 
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INSTRUMENT TRANSLATOR 


New transistorized instrument 
translator is said to permit substitu- 
tion of variable reluctance pickoffs 
for potentiometers in aircraft and 
missile systems without adding con- 


Se ee any 






siderable size and weight. Translator 
receives power from the system pow- 
er source and when connected with a 
suitable ac sensing transducer it pro- 
duces a de or ac signal which is pro- 
portional to the physical changes 
sensed by the transducer.—Crescent 
Engineering & Research Co., 5440 
North Peck Road, El Monte, Calif. 
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_ systems to 60,000 cps also available, 


PARABOLOID ANTENNA 


New model GB 60, 90 and 12 
Precision Parabola antenna for scat. 
ter propagation are suitable for adap. 





tation to pedestal mechanisms to al- 
low accurate orientation for radar 
and interstellar space studies. Com- 
plete with control mechanisms, the 
parabolas are said to feature mini- 
mum weight, maximum reliability and 
fastest erection in the field.—General 
Bronze Corp., 711 Stewart Ave., Gar- 
den City, N. Y. 
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ANEMOMETER 


New constant temperature hot wire 
anemometer for military testing ap- 
plications requires no batteries, no 
time-constant testing or gain settings. 











Cite. 


Output impedances are 10K and 10 
K ohms. Claimed frequency response 
is from de to 1000 cps, with other 


and noise level under 1% of mean 
flow level—Aero Research Instru- 
ment Co., 315 N. Aberdeen St., Chi- 
cago 7, Ill. 
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UHF CONVERTER 


New model UHC-R uhf Convert 
er, said to have a noise figure of 
from 5.5 to 8.5 db in the 400-900 me 
region, and a minimum overall gail 
of 50 db, for a 5 mc bandwidth. Out: 





put frequency is factory preset at 3! 
or 60 mes. Consists of a radio fre 
quency amplifier and a converter unit. 
—Applied Research Inc., 163-07 Depo! 
Road, Flushing, L. I., N. Y. 
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AIRCRAFT TEMPERATURE 
SYSTEM CHECKER 


nd 12) 
or scat. New TEMPCAL Tester checks 
ir adap. thermal switch and continuous wire 








systems for accuracy either on the 





f M3O5 
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aircraft or “on the bench” in pro- 
duction; also checks cylinder head 
thermocouple systems. It performs a 
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is manually operated computing de- 
vice which performs harmonic analy- 





EQUAMETER 


New Model GEQ-450 “Equameter” 


Keener e 


ment for small laboratories. Larger 
installations will find it extremely 
useful for converting raw data to a 








8 = functional test of the overheat de- ses and curve-fittings on plotted or form acceptable to large digital or 
/ c tector system by supplying through recorded curves. Derivative or inte- analog computers, and in fitting 
~ the Tempcal Probe a controlled “arti- gral equations of a given curve can polynomial equations to curves or 
ms, the ficial” heat to simulate operating be obtained directly from readings test points. A 12-term Fourier analy- 
lity per pong 2 te Naren is guaranteed taken from the EQUAMETER and sis can be obtained in about 7 min- 
pollen: = +5 Ry. oe ae ranging recorded on specially designed data utes.——The Gerber Scientific Instru- 
mar rom 0°F. to 800°F.—B Instru- sheets by an engineering aide with ment Co., 162 State St., Hartford 3, 
or ment Co., Inc., Fort Worth 7, Texas. little or no mathematical background, Conn. 
— For more information circle 369 on inquiry card. which makes it a practical instru- For more information circle 372 on inquiry card. 

MISSING PULSE DETECTOR 

New Model PD11A, for checking from 2 ohms to 4 megohms.—The is divided into 10 equal steps on a 
hot wire the performance of pulse-modulated Daven Co., 530 W. Mt. Pleasant St., decade switch, and a slidewire equal 
ting ap- tubes incorporates two inputs, one for Livingston, N. J. to 1.1 step with 200 divisions, giving 
ries, no the negative detected rf pulse, the For more information circle 371 on inquiry card. 5 millivolt/div. on the high range and 
settings. other for a negative reference trig- 05 mv/div. on the low range. The 














ger. The rf pulse forms a negative 





AC ACCELEROMETER 


New Model GAL accelerometer for 
aircraft fire control is said to pro- 
vide: high sensitivity high linear a-c 





galvanometer has a sensitivity of 80 
micro-volts per div. Battery and 
standard cell are chassis mounted.— 
Gray Instrument Co., 200 E. Church 
Lane, Philadelphia 44, Pa. 
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a 10 : RATE GYROSCOPE 
an N 
response : New Golden Gnat high perform- 
th other L | ance miniature rate gyroscope de- 
iailable, gate for squelching the reference MB signed for small size, light weight accelerometers are r 
of mean trigger. In the case of a missing ni an A ET NS rd and ability to withstand the most reliable. They may be order 
Instr pulse, the output is a positive 15-volt output with low sensitivity to all but severe environment has applications either an unbonded strain gage 
St., Chi- pulse registered on a counter (not a linear accelerations; operation un- in autopilot damping, radar antenna or inductive pickoff and are 
part of the set.) affected by rough vibration; high stabilization and fire control. 
rquiry card The set is capable of checking linear and stable damping over the 
pulses of 0.2 to 6.0 micro-seconds in ambient range without heaters; and 
: width, at rep rates up to 5000 pps.— solder-sealed hermetic encapsulation. 
: Manson Laboratories, Dept. M, 207 —Genisco, Inc., 2233 Federal Ave., 
Conver? Greenwich Ave., Stamford, Conn. Los Angeles 64, Calif. 
igure of For more information circle 370 on inquiry card. For more information circle 373 on inquiry card. 
-900 mes Ks 
rall gait 0. 26 
ith. Out METAL FILM RESISTORS PRECISION POTENIOMETER , . " “Some Design Considerations 
New series 850 hermetically sealed ‘ Features: 1” by 2%” 3.8 oz. Wide For Liquid Rotor i 
- : ; : New rack mounted potentiometer Range of Full Scale rates up to Angular Accelerometers 
etal film resistors are said to offer shown has a double range, 0 to 1.11 600° / : 
the lowest noise level available, low : ‘ sec. Threshold and Resolution 
. AB volts and 0 to .111 volts. Each range 0.01°/sec (ratio of gimbal inertia to 
angular momentum) ; 0.00045 sec. 
—l eee Excellent Linearity, 0.1% of full 
set at 3! scale to % range, within 2% to full V1 
adio fre resistance values (2 to 4 ohms), no range; Ambient Temperature Range LABORATORIES 






plastic dielectric loss, no semiconduc- 





(operating) —55°C to +85°C.—Min- 





Of Dent tor effect, temperature range from neapolis-Honeywell, Boston Div., 1400 LOS ANGELES 64, CALIFORNIA 
—65°C. to 150°C; same positive tem- Soldiers Field Rd., Boston 35, Mass. 
aquiry card perature coefficient for all resistors For more information circle 375 on inquiry card. 
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The 
Automatic 
Factory 


—A Critical 
Examination 


by Stephen A. June 
J. D. Bardis 
L. H. Lurio 
L. S. Polaner 
O. Sagedahl 
H. A. Sklenar 
and B. K. Yenken. 


Here is a fresh viewpoint on what 
tomorrow's ‘‘manless factories” CAN 
be — a book entirely free from the 
boresome generalities, platitudes, ex- 
aggerations and misconceptions that 
have been repeated by the majority 
of writers on this subject. 


The viewpoint is fresh because 
the authors sought the TRUTH in the 
course of their project under General 
George F. Doriot at the Harvard 
School of Business Administration. 


Here, then, is THE book for all 
those who want FACTS rather than 
wild opinions. 


cloth: 88 pages + viii; 54% x 8%”; 
subject index; illustrations. 


$1.50 postpaid 


[instruments Publishing Company 
845 Ridge Avenue 
| Pittsburgh 12, Pennsylvania | 


| Enclosed i See RE Rrareoreeen copies 
| of THE AUTOMATIC FACTORY—A | 

CRITICAL EXAMINATION at $1.50 each, 
1 postpaid. 


] Address 


| 
| 
| 
| 
SS 
J 
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New Products—Cont. 





EPOXY STRIPPER 





New non-inflammable Monastrip 
EP is said to reduce and remove 
Minnesota Mining’s Scotchcasts, 
Shell’s Epons, Ciba’s Araldite, West- 
inghouse’s Fosterite, Bakelite’s Epoxy 
Resins and many others, to permit 
salvage or repair of potted assemblies. 
It does not injure copper, aluminum, 
ferrous metals, or resin-based enam- 
els. No special equipment is required; 
Monastrip EP can be reused after 
resin solids are strained off.—Mona 
Industries, Inc., Paterson 4, N. J. 
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TRIMMER CAPACITOR 


New miniature trimmer model 
VC20G piston capacitor ranging in 
capacitance from .8 to 8.5 mmf, fea- 
tures 7%” length. Superior tuning 





resolution and freedom from corro- 
sion and tuning noise are claimed by 
maker.—JFD Manufacturing Co., 
Inc., 6101-16th Ave., Brooklyn 4, 
N. Y. 
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SCREW-LOCKING CONNECTORS 


New multiple modular design per- 
mits expansion of Series MI-BSL 
miniature screw-locking connectors 
up to 250 contacts. “Floating Body 
Isolation” insures vibra-shock pro- 
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PULSE-UNIT CUBE 
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New trigger pulse source including 
subminiature pulse transformer, tran- 
sistor, capacitor, resistor, and crystal 
diode is packaged in %-inch epoxy 
cube for use in guided missiles, air- 
borne equipment, and miniaturized 
electronic laboratory instruments. 
Pulse-cube produces a pulse of 3 usec. 
duration with a rise time of 0.06 
usec. Fixed repetition rates of 25 ke, 





1 ke, or a variable repetition rate 
from 400 cps to 24 ke are available. 
Approximately 1,000 hours of opera- 
tion on a miniature six volt mercury 
cell is achieved. Pulse-Cubes can be 
redesigned to meet specifications for 
special uses.—Allen B. Du Mont Lab- 
oratories, Inc., 760 Bloomfield Ave., 
Clifton, New Jersey. 
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tection and high environmental re- 
sistance through complete separation 
of electrical and mechanical elements. 
Available in glass-reinforced Alkyd, 
mineral-filled Melamine, or diallyl 
Phthalate, 100,000 megohm insula- 
tions to meet MIL specs, contacts 
have a 5-amp current and 2600 volts 
ac (rms) voltage-breakdown rating. 
—U.S. Components, Inc., 454 East 
148th St., New York 55, N. Y. 
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CABINET RACK 


New POR series desk cabinet rack 
finished in two-tone gray and brown 








hammertone is available in 20 sizes 
with ten different panel heights to 
fit standard 19” widths and in both 
15%” and 18” depths.—Premier Met- 
al Products Co., 337 Manida St., New 
York 59, N. Y. 
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SOLENOID VALVE 


New line of solenoid high pressure 
gas valves for 115 volt, 400 cycle 
A.C. service, is exemplified by Model 
MV74B balanced-poppet valve. This 


te a am. wn ” 





a 


3-way, 2-position unit is rated for 
3000 psi service, can be used either 
normally open or normally closed, 
and weighs less than 1.0 lbs. Other 
types are also available.—Marotta 
Valve Corp., P. O. Box 330-48, Boon- 
ton, N. J. 
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LEVEL SENSING SYSTEM 


New Liquid Level Sensing System 
operates a light to indicate whether 
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a hydrocarbon liquid is above or be- 
low a certain level, actuates a con- 
trol to start and stop pumps, or oper- 
ates valves to transfer liquids from 
one tank to another. Systems also 
can be designed for many liquified 
gases including the following: Liquid 
oxygen, liquid nitrogen, liquid hydro- 
gen, liquid anhydrous ammonia.— 
Simmonds Aerocessories, Inc., 105 
White Plains Rd., Tarrytown, N.Y. 
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TEFLON CABLES 


New series T line of Teflon-in- 
sulated wires and cables encompasses 
hook-up wires, miniature coaxial and 
RG/U coaxial cables and multicon- 
ductor cables with extruded and spir- 
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ally wound and fused Teflon insula- 
tions from AWG 32 through AWG 10. 
—Times Wire & Cable Co., Walling- 
ford, Conn. 
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HI-PRESSURE BLOWER 


New Model L multistage centri- 
fugal blowers allow delivery of 25 to 
350 cfm at static pressure of 10 to 
55 inches water column (2 psi) on 
suction or pressure. Model L con- 
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struction provides small size, light 
weight and low noise as required by 
electronic instrument and computer 
applications. Integral airfilters and 
outlet manifolds available.—Rotron 
Manufacturing Co., Schoonmaker 
Lane, Woodstock, N. Y. 


For more information circle 384 on inquiry card. 


HASTINGS ALTIMETER 


New Model SP-1A, altimeter said 
to be accurate in the high altitude 
ranges of from 75,000’ to 225,000’ 
measures altitude by means of a low 
pressure transducer which generates 
a d.c. voltage, increasing with alti- 
tude. Maximum sensitivity in the 
range of a few millimeters of mer- 
cury, (where mechanical altimeters 
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are insensitive), minimum response 
lag, and compatible with recording, 
control or telemetering systems are 
features claimed for the instruments. 
The new altimeter is offered for ap- 
plications in altitude chambers, wind 
tunnels, enviromental testing, and air- 
craft, rocket and missile research.— 
Hastings-Raydist Inc., Hampton, Va. 
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UHF BEAM POWER TUBES 


New types 6816 and 6884 are very 
small forced-air-cooled beam power 
tubes designed for use as uhf power 
amplifiers, oscillators, and frequency 
multipliers as well as af power am- 
plifiers and modulators. Differing 
only in heater characteristics operat- 
ing with a rating of 115 watts in 
modulator and CW service to 1200 
me, or with reduced ratings to 2000 
me, these types are especially suit- 
able for use in cathode-drive circuits. 
The heater in the 6816 operates at 
6.3 v./2.1 amperes, and that in the 
6884 at 26.5 v./0.52.—Radio Corpo- 
ration of America, Tube Div., Harri- 
son, N. J. 
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HI-VACUUM FUSE 


New Fuse which glows when oper- 
ating at normal load operates in the 
highest obtainable vacuum to prevent 
when the “usible elements blow. Rat- 
ing: Normal Load current 50 ma, 
Open Cir. current 100 ma within 20 
sec., breaking 1300 volts either at 
50,000 ft. alt. or at sea level. Said 
to conform to all environmental test 
conditions including vibration and 
metal corrosion, OK positive protec- 
tion fuses can also be supplied to 
customer’s specifications.—OK Elec- 
tronics Corp., 7 Hunt Place, Nutley, 
N. J. 
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HV FILAMENT TRANSFORMERS 


New low capacity filament trans- 
former is insulated for 50 kv and is 
rated at 115v/10v, 10a. Capacitance 
between secondary and frame is 20 
wufd. Other designs to suit special 
requirements.—Del Electronics Corp. 
39-41 North MacQuesten Parkway 
Mount Vernon, N. Y. 
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PLUG-IN RELAY 


New 2, 4, and 6-pole plug-in relays 
that cannot be plugged into a socket 
incorrectly help solve manufacturer’s 
assembly problems with mounting 
hardware that enables the same relay 
to be used for above or below chassis 
mounting. Different heights of mount- 
ing flanges and indexing pins prevent 
interchange of latching and general 
purpose relays in the same recepta- 
cle-—Filtors, Inc., Port Washington, 
Neds 
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_ ‘TRANS-SONICS 


REG. T. M. 


+ PRECISION TRANSDUCERS 


y 


rement and control of 


0-5 to 0-5000 psi 


to meet strictest requirements of 
@ TELEMETRY 

@ MISSILE RESEARCH 
@ AIRCRAFT CONTROL 





an example of 
TRANS-SONICS 





ADVANCED INSTRUMENTATION 


OPEN TEMPERATURE 
PICKUPS 





f 





| The illustrated OPEN TEMPERATURE 
| PICKUP9 are precision platinum resistance 
' thermometers capable of high-speed tempera- 
ture measurement of gases and non-corrosive 
fluids. Resistance winding, supported on 
ceramic-insulated posts or on card, is in direct 
contact with environment to be measured, and 
ean have time constants as fast as 50 milli- © 
seconds. Full-scale output voltages of 5 volts 
can be delivered directly to telemetry commu- 
tation circuits. Units operate over selected 
ranges from —320F to +750F (—200C to 
+400C), with accuracy better than + 1% of full 
scale and repeatibility of + 0.2%. Calibration 
Certificate giving precise 5-point calibration 
supplied with each unit. Stainless steel case 
and rugged construction withstand 1500 psia 
| pressures, +25 g vibration, and 60 g shocks 

under MIL-E-5272A. Send for Technical 
| Bulletins 1182 and 1350. 





BURLINGTON, MASSACHUSETTS 
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AIRBORNE 
DEATH 
SPLASH... 


Smothered in spray is a sure-fire, 
death-dealing device against enemy 
shipping. It smacked the sea with 
a jolt reckoned in thousands of G's! 


It is a tough assignment for the 
DuKane precision electronic devices 
contained within its shell. Shock 
treatment like this is nothing new to 


DuKane engineered and produced | 
products. They are serving the military | 


in many ways where the ability to 
withstand rough treatment is a prime 
specification. 


DuKane services are available to 
those in need of quality precision 


products engineered and produced | 


on time! Write in confidence. 


DuKane's dependable commercial electronic 
products are serving industry, schools, hospitals 


and offices across the nation! Details upon request! 


Industrial and School 
Sound Systems 


my 


Private Telephone 
Systems 


Flexifone & 
Nurses’ Call 


Micromatic Sound 
Slidefilm Projector 


For information on DuKane's capabilities, write 


DuKane Corporation, Dept. E-8 
St. Charles, Illinois 





Name 


ee 


City —___— State — 


—_—a ee 


— ' l 
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WIDEBAND RECORDING 


New “Minban” system with capacity 
of 112,000 data bits/inch on %” wide 
magnetic tape is said to have applica- 





tions in radar and TV video and in 
high-speed data recording. Frequen- 
cies from 200c to 2% me are di- 
rectly recorded; FM techniques ex- 
tend range to de.—Mincom Diuv., 
Minnesota Mining & Mfg. Co., Los 
Angeles, Calif. 
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LOW-NOISE CHOPPER 


New Syncroverter Switch, minia- 
ture, precision, non-resonant inverter, 
is now available in an exceptionally 
low-noise, external coil model for dry 
circuit applications. Chopper elimi- 





M304 


between 


coupling 
contact and coil leads.—The Bristol 
Co., Waterbury 20, Conn. 
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CIRCUIT BREAKER 


New AM17 circuit breaker reduces 
military airborne equipment stock re- 
quirements by functioning on either 
400-cycle ac or de without change in 
rating time-delay characteristics. 





Although made in single-pole form 
only, Series AM17 breakers are read- 
ily linked in field without special 
tools to make two- or three-pole units. 
—Heinemann Electric Company, 105 
Plum St., Trenton 2, N. J. 
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TRANSISTORIZED AMPLIFIER 


New Model 1800-0500 “TRAMP” 
is a high temperature, miniaturized, 
hermetically-sealed, plug-in transistor 
servo amplifier primarily intended to 





receive signals from a synchro con- 
trol transformer and to operate a 
BuOrd MK 7 servo motor or equiv- 
alent. Input power 100v de at 100 ma, 
28 v de at 12 ma.—M. Ten Bosch, Inc., 
Pleasantville, N. Y. 
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SCOPE DOLLY 


New oscilloscope dolly includes stor- 
age area for scope preamp, three 
power outlets and extra 3-wire input 
receptacle. Scope is safely and easily 
wheeled to point of test, held at 20° 
reading angle—P. B. R. Mfg. Co., 
Philadelphia, Pa. 
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TUBELESS POWER SUPPLY 


New Transiply all-transistorized 
regulated power supply is said to 
feature a stable, metered continuous- 
ly-variable output, low impedance, 
no ripple, high current and availabil- 
ity of positive or negative bias. 

Input voltage: 105-125 v, ae, 
50-60 cps. Output: 0.5 v to 7.0 v, de 
continuously variable, 0-300 ma—K«cy 
Electric Company, 14 Maple Ave., 
Pine Brook, N. J. 
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VOLTAGE DIVIDER 


New type RVD 105 Relay Oper- 
ated Voltage Divider reference stand- 
ard may be set up manually from a 
switch bank, or automatically from 
punched cards or tape. Applicable as 





laboratory equipment, as a program- 
mable standard in automatic meas- 
urement or readout applications, or 
as the heart of a digital voltmeter. 
Shielded chassis mounts in a stand- 
ard relay rack on a 544” high x 19” 
panel 12” deep. Relay excitation is 
24 volts. Resistance ratio and abso- 
lute resistance are said to be accurate 
to 0.001% .—Julie Research Labora- 
tories, 566 West 168th St., New York 
38. N.Y. 
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AUTOMATIC LEAD FORMER 


New Lead Former automatically 
forms coaxial leads of resistors, ca- 
pacitors, diodes, coils, etc. Compo- 
nents feed to machine down zigzag 
chute. Parts are clamped in position 
on leads, close to the body, to prevent 
injury to delicate parts. As finished 








component is ejected the next part is 
released from chute into clamp. Con- 
trol of process may be automatic, 
manual, or by foot pedal. Production 
capacity is 5000 or more parts per 
hour.—Design Tool Corporation, 80 
Washington St., New York, N. Y. 
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SWEEP GENERATOR 


New wide-band Sweep Frequency 
Generator, designated Model 900, sup- 
plies a sweep signal at any frequency 
from 0.2 mc to approximately 1,000 
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mc, with sweep widths as high as 
300 me or as low as 0.1 mc. Maker 
claims RF output is flat within +0.5 
db over “VHF” range (200 ke to 250 
mc), and is flat within +3 db over 
the maximum sweep width of 300 mc 
in the “UHF” range (250 mc to 1,000 
mc).—Jerrold Electronics Corp., 23rd 
and Chestnut Sts., Philadelphia 3, Pa. 
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BAND PASS NETWORK 


New series 2090 UNIFilter is a 
pass interstage network. featuring 
exceptional frequency attenuation 
characteristics with low insertion 
loss. Available with band widths 


gee 





ranging "rem 6 ke to 35 ke * a 
center frequency of 455 kc, typical 
adjacent channel rejection is 85 db 
at plus or minus 40 ke. Other avail- 
able center frequencies range from 
50 ke to 40 mc.—Ortho Filter Corp., 
196 Albion Ave., Paterson 2, N. J. 


For more information circle 399 on inquiry card. 


PROGRAM TIMER 


New program timer for guided mis- 
sile or aircraft use is said to feature 
light weight, small size, ability to 
operate under severe environmental 
conditions, and functional flexibility. 





Specifications: Size—2%” x 2%” x 
2%” Weight less than 1.1 lbs. Up to 
7 circuits may be switched carrying 
5 amps inductive at 30 vde or 2 amps 
resistance at 115 vac, 400 cps. Accu- 
racy is +2%, adjustable from 0 to 3 
minutes. Operates from electrically 
wound (28 vdc) spring requiring 
power only for start——Raymond En- 
gineering Laboratory, Inc., Middle- 
town, Conn. 


For more information circle 400 on inquiry card. 
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ELECTRONIC 
COMPONENTS 


PRECISION POTENTIOMETERS with 
linearity as low as +0.15% are de- 
scribed in new catalog.—Spectrol 
Electronics Div., Carrier Corp., 1704 
South Del Mar Ave., San Gabriel, 
Calif. 

Circle 401 on inquiry card. 


. 


MINIATURIZED CAPACITORS with 
voltage ratings to 25v and capacities 
from 1 to 50uf are described in new 
8-page Catalog 1117B.—Industrial 
Condenser Corp., 3243 N. California 
Ave., Chicago 18, IIl. 

Circle 402 on inquiry card. 


MAGNETIC AMPLIFIERS, transfer 
networks and vibration testing ma- 
chines are described and _ specifica- 
tions given in new 11l-page Product 
Catalog.—Litton Industries, Mary- 
land Div., 4910 Calvert Rd., College 
Park, Md. 


Circle 403 on inquiry card. 


ULTRA SENSITIVE RELAYS and tran- 
sistorized d-c polar relays are de- 
scribed and illustrated in new Bulle- 
tin F-7754-2.—Barber-Colman Co., 
Rockford, Ill. 


Circle 404 on inquiry card. 


HYDRAULIC 
COMPONENTS 


rea reniees HYDRAULIC COMPO- 

NENTS for missile applications are 
the subject of 4-page Bulletin A-5216. 
—Vickers Inc., Aero Hydraulics Div., 
P.O. Box 302, Detroit 32, Mich. 


Circle 405 on inquiry card. 


VALVES for Gases and Liquids are 
described and discussed in new Bulle- 
tin 61157.—Robbins Aviation 1735 W. 
Florence Ave., Los Angeles 47, Calif. 


Circle 406 on inquiry card. 


MICROWAVE 
COMPONENTS 


WAVEGUIDE COMPONENTS are pre- 
sented and specifications given for 
rigid rectangular waveguides, assem- 
blies; also bandwidth data for bends, 
corners, twists and flanges; and list- 
ing of MIL standards are contained 
in new brochure.—Budd-Stanley Co., 
Inc., Long Island City, N.Y. 

Circle 407 on inquiry card. 


MICROWAVE COMPONENTS, hybrid 
duplexers, flanges and adapters are 
described and illustrated in new 12- 





page Catalog C457.—Microwave De- 
velopment Labs. Inc., 92 Broad St., 
Babson Park, Wellesley 57, Mass. 


Circle 408 on inquiry card. 


MICROWAVE AND UHF components 
and test equipment, including bolome- 
ters and thermistors are discussed in 
new 48-page Catalog.—The Narda 
te 160 Herricks Rd., Mineola, 


Circle 409 on inquiry card. 


MOTORS— 
TRANSFORMERS 


AC MOTORS, including induction, ser- 

vo and synchronous units, as well as 

maker’s line of fans and blowers are 

detailed in new 4-page engineering 

data release.—Rotating Components 

Inc., 267 Green St., Brooklyn 22, N. Y. 
Circle 410 on inquiry card. 


PULSE TRANSFORMERS, miniature 
and sub-miniature, featuring bifilar 
and trifilar windings for fast rise 
time are described in new 2-page re- 
lease.—Allen B. Du Mont Labs., Inc., 
Technical Products Div., 760 Bloom- 
field Ave., Clifton, N. J. 


Circle 411 on inquiry card. 


VARIABLE TRANSFORMER, minia- 
turized, for high frequency applica- 
tions is described in new Bulletin SE- 
L3573.—The Superior Electric Co., 
Dept. MPH, 83 Laurel St., Bristol, 
Conn. 

Circle 412 on inquiry card. 


VARIACS and variac assemblies, in- 
cluding 20 amp militarized Variac for 
350 to 1200 cps are described in new 
4-page supplement to Bulletin 0.— 
General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 

Circle 413 on inquiry card. 


400 CPS SYNCHROS are described 
and illustrated in new 4-page bro- 
chure; Bu Ord numbers and char- 
acteristics are provided.—Muirhead 
Instruments Inc., 677 Fifth Ave., New 
York 22, N. Y. 


Circle 414 on inquiry card. 


TUBES—TRANSISTORS 
TUBE AND SEMICONDUCTOR charac- 


teristics are described in new 32- -page 
condensed Catalog CC 157 that in- 
cludes power tube calculation chart. 
—Amperex Electronic Corp., 230 Duf- 
fy Ave., Hicksville, L. I., .Y. 

Circle 415 on inquiry pana 


SILICON TRANSISTORS are presented 
with complete specifications and rat- 
ings in new Bulletin TE-1353.—Tran- 
sitron Electronic Corp., Melrose 76, 
Mass. 

Circle 416 on inquiry card. 


TUBELESS POWER SUPPLY technical 
characteristics, including diagrams of 
maker’s “CW-1001” power supply, 
“CW-1037” transformer-rectifier, and 
“CW-1033 converter are given in 8- 
page Bulletin A-1042.—Electrosolids 
Corp., 7436 Varna Ave., North Holly- 
wood, Calif. 


Circle 417 on inquiry card. 











digital systems 


digital components — 


flops, gating packages, 


gramming, and operation. 















special-purpose 


readily designed and constructed 
from fully engineered, tested 3C 


@ Series V 3C-PACs, universal 
1-mc logical circuits with fully 
compatible digital storage, 
power, and cooling equipment. 


@ Series M 3C-PACs, a new fully 
transistorized family of flip- 

and 

associated digital circuits. 


@ Series T 3C-PACs, new tran- 
sistorized 1-mc dynamic logical 
circuits. Compact, low power, 
self-contained power supply. 


COMPLETE SERVICES for 
problem analysis and digital sys- 
tem design, construction, pro- 


COMPUTER CONTROL COMPANY, inc. 


BABSON PARK, WELLESLEY, MASS. WE 5-6220 
WESTWOOD, LOS ANGELES, CALIF. 
TWX-WELLESLEY, 


M-PACs 





GR 8-8705 
MASS, 31 


For more information circle 48 on inquiry card. 
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Maintenance and 
Servicing of 
Electrical 
Instruments 


By 
JAMES SPENCER 


For 20 years in charge of Instru- 
ment and Relay Department, Meter 
Div., Westinghouse Electric Corp. 


Third Edition Now Available 


Should be useful to instrument 
users, switchboard attendents, test- 
ing engineers, and instrument serv- 
ice men. 


cloth, xii + 263 pages, 5 x 8% in. 
274 illustrations 


$2.00 postpaid 


Payment must accompany order. 


The Instruments Publishing Co., Inc. 
854 Ridge Ave., Pittsburgh, Penna. 














SEARCHLITE 
SECTION 


CLASSIFIED ADVERTISING, EMPLOY- 
MENT AND BUSINESS OPPORTUNITIES 


Rates: $20.25 per advertising inch (the 
MA advertising inch measures 2!/, x 1'/_" 














NEW ELECTRONIC MATERIAL 


AT SURPLUS PRICES 


MEGGER—W inslow 5G-1000—In- 
sulation Resistance Test Set 0-1000 
Megohms 500 V DC—with case and 
BEES ey eee $129.50 
POWERSTAT—Superior 2.4 KVA 
Input 115/235V 60 cy output 0-170 


EEE eae $ 39.50 
CHOPPER-—Stevens Arnold CH 
BE BY BiG CPD cccscccccsscsscevesecccscosces $ 9.75 


TIME DELAY RELA Y—Kurman 
R-300 B—115V 60 cy.—Delay Ad- 
justable 30—60 sec. .........ccccccccsssccseees $ 5.95 
10 TURN PRECISION POTENTI- 
OMETER—Van Dyke Miniature 


50,000 ohms 0.5% linearity ................ $ 8.50 
SYNCHROS—115 V 60 ey. Trans- 
mitters and Receivers (per pair) ....$ 39.50 


POLYSTYRENE CAPACITOR 
200 VDCW—500 VDCT 
me  ) By o> Seen $12.10 ea. 
72 « By. SB eee $ 7.50 ea. 
Immediate Delivery From Stock on These 
and Thousands of Other Items 
Bargain-Filled Surplus Bulletins—FREE 
Available on Request 


LECTRONIC RESEARCH LABS 
717 Arch St. Phila, 6, Pa. 
Phone Market 7-6771 








For more information circle 49 on inquiry card. 


NEW LITERATURE 





INSTRUMENTS— 
TEST EQUIPMENT 


RECORDING OSCILLOGRAPH for 
high-temperature high-altitude appli- 
cations is described in new 6-page 
Brochure 5-122.—Consolidated Elec- 
trodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif. 

Circle 418 on inquiry card. 


POSITION TRANSDUCER for high- 
precision measurements of angular or 
linear displacements, and a tempera- 
ture probe for stable measurement of 
stagnation air temperature are de- 
scribed in new release.—West Coast 
Research Corp., 23714% Westwood 
Blvd., Los Angeles 64, Calif. 


Circle 419 on inquiry card. 


FUNCTIONAL TESTER, Model 250F, 

designed to automatically test contin- 

uity, insulation resistance and shorts, 

is described in new 4-page bulletin.— 

DIT-MCO, Inc., Electronics Div., 911 

Broadway, Kansas City, Missouri. 
Circle 420 on inquiry card. 


ELECTRONIC GALVANOMETER, a 
combination d-c null detector, linear 
deflection indicator, microvoltmeter, 
micro-microammeter and low-level d-c 
amplifier is described in new Bulletin 
14-3.—KIN TEL (formerly Kay Lab), 
iA Kearny Villa Rd., San Diego, 
alif. 


Circle 421 on inquiry card. 


TIME DELAY AND PULSE generators 
are described in new short-form 4- 
page Catalog R715.—Rutherford Elec- 
tronics Co., 8944 Lindblade St., Culver 
City, Calif. 


Circle 422 on inquiry card. 


SIMULATORS— 
COMPUTERS 


SINGLE AXIS flight systems simula- 
tor is described in new 4-page bro- 
chure.—Bendix Computer Div., 5630 
ri je Vitae St., Los Angeles 45, 
alif. 


Circle 423 on inquiry card. 


FLIGHT SIMULATOR that produces 
roll, pitch and yaw in 3-dimensions 
with precision hydraulic servos is de- 
scribed in new 8-page bulletin.—Ben- 
dix Computer Div., Bendix Aviation 
Corp., 5680 Arbor Vitae St., Los 
Angeles 45, Calif. 
Circle 424 on inquiry card. 


DIODE FUNCTION GENERATOR fea- 
turing automatic card programming 
is featured and illustrated in new 8- 
page brochure.—Stephen-Douglas Co. 
Inc., 1650 Twentyfirst St., Santa Mon- 
ica, Calif. 

Circle 425 on inquiry card. 


NAVIGATIONAL COMPUTER. ASN-7, 
that provides yy position, direc- 
tion pilot should fly, ground track of 


flight, and distance to destination, is 
described in new 24-page brochure.— 
Ford Instrument Co., Div. of Sperry 
Rand Corp., 31-10 Thomson Ave., 
Long Island City 1, New York. 

Circle 426 on inquiry card. 


COMPUDYNE CONTROL SYSTEMS, 

for aeronautical testing and dynamic 

systems control are described and il- 

lustrated in new 24-page Bulletin G- 

102.—CDC Control Services, Inc., 582 

South Warminster Rd., Hatboro, Pa. 
Circle 427 on inquiry card. 


3C-PAG universal logical building 
blocks for hi-speed digital computers 
are described in new 4-page bulletin. 
—Computer Control Co., Babson Park, 
Wellesley, Mass. 


Circle 428 on inquiry card. 


EQUIPMENT SYSTEMS 
S-, C-, X-BAND RADAR beacons, re- 


lays, and decoders are subjects of new 
technical data sheets.—Avion Div., 
ACF Industries, Inc., 11 Park Place, 
Paramus, N.J. 

Circle 429 on inquiry card. 


FIXED FREQUENCY 60kw transmitter 
for ionosperic scatter communications 
is described in new 8-page bulletin.— 
Rixon Electronics Inc., 2414 Reedie 
Drive, Silver Spring, Md. 

Circle 430 on inquiry card. 


VHF TRANSMITTER, 20-channel, 118- 
148 me, designed to operate with ARC 
Type R-15, or ARC Type R-19 re- 
ceivers is described in new brochure 
ARC T-20.—Aircraft Radio Corp., 
Boonton, N. J. 


Circle 431 on inquiry card. 


SYNCHRONOUS RADIO DETECTOR 
which embodies the double sideband, 
phase-locking feature of synchronous 
communications system is discussed 
in new bulletin—Light Military Elec- 
tronic Equipment Dept., General 
Electric Defense Electronics Div., 
French Rd., Utica, N. Y. 


Circle 432 on inquiry card. 


SERVICES—FACILITIES 


FACILITIES for electronics, optics and 
electromechanics as associated with 
avionics and missiles are described in 
new 20-page brochure.—Land-Air, 
Inc., subsidiary of California Eastern 
Aviation, Inc., 7444 W. Wilson Ave., 
Chicago 31, Ill. 
Circle 433 on inquiry card. 


CUSTOM MOLDING service for con- 
nectors, electronic embedments, im- 
pellers and housings, pipe fittings, 
disc pistons for meters, coil forms, 
slip rings, spacers, pump components, 
stators, etc., are detailed in new cata- 
log sheet.—Epoxy Products Inc., 137 
Coit St., Irvington, N. J. 


Circle 434 on inquiry card. 


FACILITIES for testing electronic com- 
ponents, sub-assemblies, and electron- 
les devices are described in new 8- 
page brochure.—National Company 
Inc., 61 Sherman St., Malden, Mass. 


Circle 435 on inauiry card. 





MAGNESIUM FABRICATIONS for avi- 
onics, nucleonics, radar, electronics, 
guided missiles and business machines, 
are discussed in new 6-page release. 
—Falstrom Co., 201 Falstrom Court, 
Passaic, N. J. 

Circle 436 on inquiry card. 


TEST CHAMBER specifications are 
given in new 24-page brochure.—En- 
vironmental Equipment Corp., 369 
Linden St., Brooklyn 27, N. Y 


Circle 437 on inquiry card. 


RACKS—CASES 


RACKS for electronic equipment are 
illustrated and described in new 4- 
page Bulletin 100-RA.—Craig Sys- 
tems Inc., Danvers, Mass. 

Circle 438 on inquiry card. 


PACKAGING HEAVY GOODS in cor- 
rugated boxes is discussed in new 26- 
page booklet.—Hinde and Dauch, San- 
dusky, Ohio. 


Circle 439 on inquiry card. 


SHIPPING CONTAINER, reusable, 
seamless, water tight and conforming 
to Mil. Specs. is described in new 2- 
page bulletin.—Follansbee Steel Corp., 
Follansbee, West Virginia. 

Circle 440 on inquiry card. 


METAL INSTRUMENT CASES are de- 
scribed in new 62-page catalog fea- 
turing 1400 stock sizes.—Zero Manu- 
facturing Co., 1121 Chestnut St., Bur- 
bank, Calif. 

Circle 441 on inquiry card. 


PORTABLE SCOPE DOLLY that holds 
any laboratory scope is described in 
new 2-page release.—Metal Fab Co., 
12321 Branford St., Pacoima, Calif. 


Circle 442 on inquiry card. 


MISCELLANEOUS 
COOLING LOAD NOMOGRAPH devel- 


oped for calculation of cooling re- 
quirements for military mobile struc- 
tures and electronic equipment is in- 
cluded in new booklet.—Ellis and 
Watts Products Inc., Monroe at Spen- 
cer, Cincinnati 36, Ohio. 

Circle 443 on inquiry card. 


FACSIMILE TRANSMISSION of pic- 
tures, drawings, printed or handwrit- 
ten data is discussed in new 4-page 
pamphlet.—Electronics Div., Stewart- 
Warner Corp., 1300 N. Kostner Ave., 
Chicago 51, Ill. 

Circle 444 on inquiry card. 


ELECTRONIC CABLE as a_ systems 


component is discussed and illustrated 
in new 4-page release.—Pacific Auto- 
mation Products, Inc., 1000 Air Way, 
Glendale 1, Calif. 


Circle 445 on inquiry card. 


CONNECTORS FOR MISSILES are il- 
lustrated in new 4-page bulletin.— 
E. B. Wiggins Oil Tool Co., Inc., 3424 
mae Olympic Blvd., Los Angeles 23, 
alif. 


Circle 446 on inquiry card. 
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Ace Electronics Associates, Inc. .. 192 
American Instrument Company ...... — 203 
Assembly Products, Inc. .................. 186 
x B & H Instrument Company, Inc. ............. ...225 d Irs ° T ° 
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" Computer Control Company ..... 239 
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Control Products, Inc. Se wee ' .. First Transcontinental Broadcast of a Musical Program 
Danco Tool & Mold Co. ................. 228 (Bing Crosby Show) from Magnetic Tape...May 1948 
, Daystrom Systems .......... poseieni 182 (Mlimeom pioneered the recording and reproduction of off-the- 
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Recorders. 
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7 WER DESIG S commercial standard power supplies 


are being furnished for ground telemetering equipment 


nh EARTH SATELLITE eos" 


We have been manufacturing precision power sources for electronic 
instrumentation for 15 years. Can we be of service in the solution of your 


power supply problems. Literature available. Write Dept. 1-2-1. 


Power Desjons ING x t3,.,. 


STABLE POWER SOURCES FOR ELECTRONIC INSTRUMENTATION 


For more information circle 51 on inquiry card. 
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